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PREFACE 

This is volume 1 of a two-volume training course. This 
course was written for men of the Navy and Naval Reserve 
who are studying for advancement to the rate of Torpedo- 
man’s Mate 3 or 2. When supplemented by practical ex- 
perience in the maintenance and repair of torpedoes, it will 
help the Torpedoman’s Mate to meet the qualifications for 
advancement in rating. The qualifications for advancement 
in rating are listed in appendix II of this volume. 

This volume is an introduction to air-steam torpedoes. 
It covers basic principies, repair shop tools and equipment, 
and explosives. It describes the various parts of the torpedo, 
and explains their operation and nomenclature. Volume 2 
of this course (NavPers 10156) covers electricity and the 
electric torpedo, torpedo maintenance and overhaul, torpedo 
tubes, fire control, and depth charges. 

This book is one of a series of Navy Training Courses. 
It was prepared for the Bureau of Naval Personnel by the 
U. S. Navy Training Publications Center, Washington 25, 
D. C. The Center is indebted to personnel of the Bureau of 
Ordnance who checked the manuscript for technical accuracy. 
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READING LIST 


NAVY TRAINING COURSES 

Torpedoman’s Mate 3 & 2, Vol. 2, NavPers 10156 
Electricity , NavPers 10622-B 
Basic Hand Tool Skills, NavPers 10085 
Electricity for FC's & FTs, NavPers 10170 

OTHER NAVY PUBLICATIONS 

Applicable Ordnance Pamphlets 

USA FI TEXTS 

United States Armed Forces Institute (USAFI) courses for 
additional reading and study are available through your In¬ 
formation and Education Officer.* A partial list of those 
courses applicable to your rate follows: 


CORRESPONDENCE 


Number 

Title 

CB 290 

Physics I 

CB 291 

Physics II 

CA 781 

Electricity for Beginners 


SELF-TEACHING 

MB 290 

Physics I 

MB 291 

Physics II 

MA 779 

Blueprint Reading at Work 

MA 781 

Electricity for Beginners 


*“Members of the United States Armed Forces Reserve com- 
ponents, when on active duty, are eligible to enroll for USAFI 
courses, Services, and materials if the orders calling them to 
active duty specify a period of 120 davs or more, or if they have 
been on active duty for a period of 120 davs or more, regardless 
of the time specified in the active duty orders.” 
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CHAPT E R 



INTRODUCTION 

What do you want from your career in the Navy? A job? 
A chance to see the world through a porthole? A way to 
kill time for 20 or 30 years, so you can retire and raise 
chickens? Is that all you want? 

We doubt it very much. The fact that you’re striking for 
Torpedoman’s Mate sliows us you want a lot more than that. 

You want not just a job, but a job that offers you a 
challenge—one that will keep you on your toes. You want 
a job that will make use of what you know, and give you a 
chance to learn more. You want a job that will pay off— 
not just in money—but in personal satisfaction, and the 
feeling that what you’re doing is worth while. As a Tor- 
pedoman’s Mate, that’s the kind of job you’11 have. 

The satisfaction that comes from working with your hands 
is deep and real. We aren’t talking about just any kind of 
manual labor; you wouldn’t want to make a career of 
swabbing the deck, or chipping paint. You’11 use your hands, 
all right, but you’11 put brainwork behind them. If you J re 
going to make the grade as a Torpedoman’s Mate you’11 
constantly increase the skill with which you use your hands. 
And you’11 constantly be learning about torpedoes, to sharpen 
your brainwork. As you increase your skill and knowledge, 
the Navy will add to your responsibility. You’11 become a 
teacher and a leader. You’11 be not only an expert Torpedo- 
man’s Mate, but a maker of Torpedoman’s Matcs. And 
there you have a short preview of your Navy career. 
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UNDERWATER ORDNANCE 


As a Torpedoman’s Mate, you’11 be a skilled specialist in 
underwater ordnanee. What’s that? Well, ordnance is the 
Science of arms and armor. It deals with all the weapons 
we use to destroy or disable an enemy. Underwater ordnance 
is the Science of destroying or disabling an enemy vessel by 
means of an underwater explosion. It deals with all the 
materials and techniques we use to deliver an explosive to 
the enemy, and to bring about its explosion under his sliip. 

The three most important weapons of underwater warfare 
are the three youVe already heard about: the torpedo, the 
depth charge, and the mine. 

Of these three the torpedo is the biggest, and the most 
expensive, and to you the most important. As you surely 
know, the torpedo is a self-propelled weapon. Basically, it 
consists of just two things: a big charge of explosive, and a 
power piant. After you launch a torpedo, the built-in power 
piant carries it to the enemy. It explodes when it touches 
his ship, or passes under it. 

The torpedo, of course, is the principal weapon of the sub¬ 
marine for use against surface craft. And it’s becoming 
increasingly important as a weapon with which one submarine 
can attack another. Torpedoes are carried by many of our 
smaller surface ships, for use against surface targets. The 
torpedo, like the sLx-shooter, is an “equalizer.” It gives a 
small ship the punch it needs to attack a big one. 

The depth charge is used only by surface vessels, and its 
target is always a submarine. One of the slang terms for 
depth charge is “ashcan,” and that’s a pretty good descrip- 
tion of the older ones. It’s filled with TNT, and equipped 
with a gadget to make the TNT explode. When the surface 
ship suspects the presence of a submerged enemy submarine, 
it drops a number of depth charges in the suspected area. 
The exploding mechanism can be set, before dropping, to 
make the charge explode at the desired depth in the water. 

Aircraft carry depth bombs for antisubmarine warfare. 
These bombs are very similar in principle to depth charges. 
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But maintenanCe of depth bombs will not be a part of your 
job. 

The submarine mine, like the depth charge, is a Container 
filled with high explosive, and equipped with a de vice to set 
off the explosion. But whereas we throw depth charges at 
the enemy, or drop them on him, we “piant” the mines, 
usually when there’s no enemy in sight. The mine stays 
where we piant it, quietly waiting for an enemy ship to come 
by. (An exception is the drifting mine; we sometimes piant 
them in rivers and tideways, and let the current take them 
to the enemy shipping.) 

The device that makes the mine explode can be either of 
two kinds. It can be a “contact” device which will operate 
when a ship touches it or its antenna. Or it may be of the 
“influence” type, which will explode when a ship passes 
nearby. 

So the three principal weapons of underwater ordnance 
are the torpedo, the depth charge, and the mine. Since 
underwater ordnance is your job, what does this mean to 
you? What will you be expected to do about these three 
weapons? 

You’11 maintain torpedoes—keep them in perfect working 
condition. You’11 overhaul them when it’s necessary, and 
in time of war you*ll fire them. You’11 maintain depth 
charges, overhaul them, and launch them. The Navy has 
created a separate rating—Mineman—to maintain and piant 
its mines. You won’t have much to do with them. But 
in an emergency, when there aren’t enough Minemen aboard, 
you’11 help piant them. 

TORPEDOMAN*S MATES 

What kind of men make good Torpedoman’s Mates? 
What kind of mental and physical equipment do you need 
to make the grade? Before the Navy approved you as a 
striker for TM 3, it gave you a screening test. Because you 
passed that test, we know something about you. We know 
that you have a good general intelligence. You have the 
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ability to learn, and to master a large body of technical 
knowledge. And you have mechanical aptitude; if you 
haven’t already developed a high degree of mechanical skill, 
you have what it takes to acquire it. 

In your job as a Torpedoman’s Mate, you can make full 
use of your ability—both mental and mechanical. The 
torpedo is a complicated piece of machinery. To teli ali 
you need to know about Navy torpedoes, the Bureau of 
Ordnance has published a series of books, pamphlets, and 
NavOrd Instructions and NavOrd Letters. If you got them 
ali together and piled them up on your desk, you’d have to 
sit up pretty straight to see over them. 

Of course you won’t be expected to memorize ali the tech¬ 
nical data in that stack of books. But you will be expected 
to understand ali the torpedo mechanisms that these books 
describe. You’11 have to know how these mechanisms op¬ 
erate, and where to find the exact data on them when you 
need it. And you’11 be expected to acquire the mechanical 
skill needed to adjust ali these mechanisms for top per- 
formance in the torpedo. 

In order to become a valuable Torpedoman’s Mate, you’11 
need other things besides a sharp brain and skillful hands. 
You must be conscientious and completely reliable. In pre- 
paring a torpedo for firing, you will make more than a hun- 
dred delicate adjustments. 

Let’s suppose, for a minute, that you’re aboard a submarine 
in wartime, and that youVe prepared a torpedo for firing. 
Let’s suppose that, because of carelessness, youVe skipped 
one of the necessary adjustments, or done it sloppily. What 
happens when you fire that torpedo at an enemy ship? In- 
stead of making straight for the target, that torpedo ma}" 
head straight for the bottom of the ocean. Or, if it maintains 
its proper depth, it may miss the target entirely. Or it may 
score a hit but be a dud, and strike the enemy hull with a 
dull thud instead of a crippling explosion. A careless Tor- 
pedoman’s Mate could easily allow an enemy ship to escape. 
He might even allow that enemy ship to crush his own sub 
with depth charges. 
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But don’t worry; nothing like that is going to happen. 
Why not? Because when you prepare a torpedo for firing, 
youll make ALL the adjustments, and youll make them 
carefully and skillfully. Before the Navy gives you the 
responsibility of preparing a torpedo for a war shot, you 11 
have to prove your dependability. 

You 11 need one thing more: the ability to keep a cool head 
when things get hot. When a ship is in danger, her chances 
of getting out of it depend to a large extent on the self- 
control of her crew. 

In its Qualifications jor Advancement in Rating (NavPers 
18068), the Navy has listed the fields of technical information 
you’11 have to master, and the skills youll have to learn. 
The qualifications for advancement in rating are printed at 
the end of this book, as appendix II. The table of contents 
will show you what page it’s on. 

As a Torpedoman’s Mate 3 or 2, youll be a petty officer 
in the United States Navy. And in order to become a petty 
officer, you must meet a number of military qualifications 
not connected with your technical work. At the end of 
appendix I, we’ve listed the general qualifications for petty 
officers. 

Duties 

What kind of work will you do as a Torpedoman’s Mate? 
What’s the exact nature of your duties? 

Like all petty officers, youll have certain military duties. 
Youll be a leader and a teacher. But youll learn about 
your military duties from other sources. This training course 
is a guide to your technical duties. 

We can’t give you an exact description of the work youll 
be doing, because it will depend largely on your assignment. 
But we can make some general statements about the duties 
of Torpedoman’s Mates. Except for the relatively small 
amount of work you may do with mines, your duties will 
be concerned with torpedoes and depth charges. 

As weVe already told you, 3 r oull prepare torpedoes for 
firing by making a long series of delicate adjustments. 
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• You’11 inspect and adjust these torpedoes regularly and fre- 
quently, to keep them in perfect condition for firing. You’11 
load these torpedoes into their tubes, and in time of war 
you’11 fire them at the enemy. 

Before it’s sent to the Fleet, each torpedo is fired at least 
once, to test its engines and the control devices that keep 
it on its course. In addition, Torpedomen’s Mates fire 
torpedoes for practice and training. Before firing a torpedo 
for testing or training, you’11 remove the deadly war head 
and replace it with a dummy, called an exercise head. 
You’11 load the exercise shot in its tube, and fire it. And 
then you’11 go out in a small boat, find the torpedo, and 
bring it back. You’11 inspect it thoroughly, and give it a 
“post-run treatment” to keep it from deteriorating before 
it can be overhauled. 

After it has been carried by the Fleet for a certain length 
of time, a torpedo must be completely overhauled. It must 
be completely torn down, and every part cleaned and 
inspected. Each assembly must be thoroughly tested and 
adjusted. Warships aren’t equipped for that kind of work. 
But if you’re assigned to a submarine or destroyer tender, 
or to a torpedo station ashore, torpedo overhaul will be one 
of your jobs. 

Finally, you’11 be responsible for maintenance of the 
torpedo tubes. The torpedo tube is a relatively simple piece 
of ordnance, but it’s important. A faulty tube could easily 
cause a torpedo to function erratically on firing. You’11 
inspect the tubes regularly, and make the necessary adjust- 
ments and repairs. 

In connection with depth charges your duties are simpler, 
because a depth charge is a simpler weapon than a torpedo. 
It has no engines, no fuel supply, and no steering mechan- 
isms to worry about. You’11 inspect your ship’s depth 
charges regularly, and keep them in top shape for launching. 
You’11 load them in the launching devices, and when the 
time comes you’11 drop them on the enemy. And of course 
you’11 inspect the launching devices regularly, and make 
any necessary repairs. 
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Assisnments 

In the last few paragraphs, we’ve summarized the full 
range of duties of the Torpedoman’s Mate. But that doesn’t 
mean that one man will be doing all these jobs in one assign- 
ment. If you’re stationed aboard a fighting ship, such as a 
destroyer or destroyer escort, you’11 maintain and fire tor¬ 
pedoes, and maintain and launch depth charges. You’11 
maintain the tubes and launching devices, and you’11 learn 
to use the torpedo director. 

On PT boats, there are a limited number of assignments 
for Torpedoman’s Mates. If you’re assigned to a PT boat, 
your work will be a lot different from that aboard a destroyer. 
You’11 maintain torpedoes, and prepare them for firing. 
But there are no torpedo tubes, because the torpedoes are 
launched from racks. And there’s no torpedo director; the 
PT boat is often run on a collision course with its target 
to aim the torpedoes. 

If yoirre assigned to a tender, or to a repair facility ashore, 
your duties will consist almost entirely of torpedo overhaul. 
And the chances are you’11 become a specialist. You’11 be 
familiar with the whole torpedo, but you’11 spend most of 
your time overhauling one particular part of it, such as the 
gyro, or the valve assemblies, or the main engine. 

If you’re assigned to submarine duty, your work will differ 
considerably from that of a Torpedoman’s Mate on a surface 
ship. On a submarine, of course, the torpedoes are fired 
from submerged tubes. These tubes are more complicated 
than the above-water tubes of a surface ship, and their 
operating procedure differs. And you’11 often be firing 
electric torpedoes, which introduce a new set of maintenance 
problems. Fire control problems are very much like those 
on a surface ship, with this difference: On a surface ship the 
torpedo can be aimed at its target by training the tubes. 
But the underwater tubes of the submarine are fixed in its 
hull. You can’t train them, except by maneuvering the 
whole ship. 
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NATURE OF THIS TRAINING COURSE 


This two-volume course is a guide to your technical duties. 
Its purpose is to provide you with the basic foundation on 
which you can build the necessary skill and knowledge. It 
will explain to you the basic theories and principies that 
govern the operation of torpedoes and depth charges. Of 
course it isn’t intended to replace the technical publications 
put out by the Bureau of Ordnance. Instead, it’s intended 
to serve as an introduction to those technical publications, 
and to give you the background you’11 need to under- 
stand them. 

A great many Torpedoman’s Mates and strikers are going 
to study this course. Some of these men may know more 
than you do; others will know less. We, the writers of this 
book, have no way of guessing exactly what you know. 
You may have been handling underwater ordnance for years. 
On the other hand, this course may be your very first intro¬ 
duction to naval ordnance. 

We have to write this course in such a way that ali its 
readers will understand it. To do that, we’ll have to start 
with the simplest, most basic information about torpedoes. 
So parts of this course may seem like old stuff to you, and 
maybe the first few chapters will seem too easy. But be 
careful. Don’t be fooled. 

If youVe already handled torpedoes, you know something 
about what they do, and something about what the Torpedo- 
man’s Mate does to keep them in shape. But now it’s time 
to learn the how of torpedo operation, and the why of 
maintenance. 

What’s the good of that? Well, underwater ordnance is a 
complicated subject. What do you do when you hit a snag— 
when you come to a problem you can’t solve by yourself? 
You go to a more experienced Torpedoman^ Mate, and ask 
his help. But don’t forget that as you add stripes on your 
arm, inexperienced men will be coming to you for help. 
You’11 have to prepare for the time when you are the man 
with all the answers. 
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So if the first part of this book covers familiar material, 
read it carefully anyway. It will make a good review. And 
if the first few chapters seem too easy, stay with them. The 
course will get tougher as you go on. 

HOW TO STUDY THIS COURSE 

You already know how to study. But we ha ve a few 
suggestions on how you can get the most out of this course. 
This first suggestion is very important: Set aside regular 
hours for study. We aren’t going to teli you how many 
hours to set aside each week. Some men read faster, and 
absorb information more quickly, than others. The impor¬ 
tant thing is to make a schedule you can stick to. Decide 
which nights you’11 study, and how many hours, and when 
you’11 begin. And then stick to it. If your schedule doesn’t 
work, then make a new one. But stay on schedule. You’11 
find yourself progressing a lot faster than if you study when- 
ever the notion strikes you. 

And our second suggestion is this: Before you begin your 
detailed study, spend an hour or two looking through the 
course as a whole. Get familiar with the chapter tities, 
and take a look at the section tities within each chapter. 
Look at the pictures. If a paragraph of the text catches 
your eye, skim through it. (This course isn’t a mystery 
story; there’s no harm in knowing how it’s going to end.) 

As you know from its title, this course is intended for two 
different rates. If you’re a striker, this course will help to 
prepare you for your third class examination. If you’ve 
already made Torpedoman’s Mate 3, this course will help 
you advance to second class. How do you know which parts 
of the course apply to you? You’11 find the answer in 
appendix II, in the Qualifications for Advancement in Rat- 
ing. After youVe studied the qualifications, and spent an 
hour or two getting familiar with the contents of the course, 
you’11 know which parts of the book to study. 

If you’re a striker, and pressed for time, you can profitably 
skip the sections that won’t be covered in your examination. 
But if you’re preparing for second class, don’t skip anything. 
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Your examinat ion will cover all the subjects in t-he tliird class 
examination, but in more detail. So give special attention 
to the new material; but read all the rest, too, for a review. 

Now you’re ready to begin. YouVe made a schedule of 
working hours for study, and you’re going to stick to it. 
YouVe looked through the whole book, and ha ve a pretty 
good idea of what’s in it. YouVe studied the qualifications, 
so you know which parts of the book apply especially to you. 

What next? 

Now you’re ready to take the chapters one at a time. And 
your first step is to read all the way through the chapter, fast. 
If you find the material interesting, read it just as you’d read 
a magazine article. Don’t let anything stop you. If you 
come to a paragraph that’s so tough it doesn’t make sense to 
you, skip it. Keep reading until you finish the chapter. 

At the end of each chapter is a quiz, to show you how much 
youVe learned. After your first quick reading of the chap¬ 
ter, try the quiz. Don’t bother to write down your answers 
(unless the questions are problems that you have to work out 
on paper). And don’t look at the answers in the back of the 
book. But read through the questions, and see how many 
of them you can answer for sure. Chances are you canV 
answer all of them after one reading. The questions that 
give you trouble will show you which parts of the chapter 
you’11 have to study hardest. 

Now go through the chapter again, not too fast. Don t 
skip anything this time. Be sure you understand each sec- 
tion thoroughly before you go on to a new one. If you come 
to an explanation that isn’t ciear, chances are you missed 
something that went before. Look back to see what it was. 

Now, after your second reading, youVe mastered the chap¬ 
ter. Take the quiz to make sure. This time, write down 
all your answers. And don’t look at the answers in the back 
of the book until you’re ready to check your own. If any of 
your answers don’t check, take a final look through the 
chapter to see what went wrong. 
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REFERENCES 


When we finish describing each section of the torpedo, we’ll 
give you a list of references. This list will show you where 
you can find more information on that subject. These 
references will be of several kinds, as— 

Ordnance Pamphlets (called OP’s for short). 

Ordnance Data (OD’s). 

Ordnance Technical Instructions (OTPs). 

Ordnance Handling Instructions (OHPs). 

Ordnance Circular Letters (OCL’s). 

Bureau of Ordnance Drawings. 

Ordnance Charts (NavOrd Ckarts). 

These are the publications in which you’11 find the detailed 
and specific information we can’t give you here. A useful 
publication for you to know about is OP 0 (Ordnance Pam- 
phlet Zero). It’s an index to all the publications in the above 
list (except Ordnance Drawings). This index is kept up to 
date by periodic supplements. 

In the early stages of your training, you’11 find the charts 
especially helpful in understanding the operation of the 
various parts of the torpedo. (Some of the illustrations in 
this book were made from the torpedo charts, but of course 
we’ve had to reduce them to a very small scale.) Later on, 
when you begin to apply what you’ve learned to an actual 
torpedo, you’11 need all the ordnance publications that deal 
with that particular torpedo. You will never undertake the 
overhaul of any part of a torpedo without a study of the 
appropriate Ordnance Drawings and the Ordnance Pam¬ 
phlets that describe it. 

Other Publications 

Doctrinal publications explain the established gunnery 
and torpedo doctrines for types of ships. They explain the 
tactical use of torpedoes, and teli how they are fired under 
various conditions. They also list Standard commands, and 
describe the actual firing procedures. These publications 
are Confidential bulletins, or Confidential registered publica¬ 
tions. 
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Information bulletins are distributed in many forms. 
You’11 find it helpful to study those dealing with torpedoes 
and gunnery. 

Navy Training Courses. In addition to the courses for 
various technical ratings (sueh as this one), the Bureau of 
Naval Personnel publishes several basio trainii\g courses. 
These basic courses deal with information used by men of 
many ratings. Examples are the courses in mathematics, 
electricity, and blueprints. Most of these basic courses will 
be useful to you. In later ehapters we’ll list the ones you 
need. 

Navy Training Films. The Navy has a number of 
training films dealing with torpedoes, and with the basic 
knowledge you’11 need when you work with torpedoes. Some 
of these are strip films (stili pietures). The rest are movies; 
most of them are complete with sound, and some of them are 
in color. Unfortunately, we can’t guarantee that these films 
will be available to you. But see them if you can. 

How To Get Navy Publications 

How do you get hold of the references we list at the end of 
each chapter? That depends on where you are. If you’re a 
student at a Navy school for Torpedoman’s Mates, you’re 
lucky. You’11 be provided with reference material when 
you need it. If you’re working alone, you’11 have to show 
some initiative. 

You can get Navy Training Courses from your depart- 
ment head or education officer. You can get the training 
films, when they’re available, from the education officer. 
Most ships carry a complete file of ordnance publications. 
Aboard a fighting ship, they’re usually in the custody of the 
gunnery officer. If you’re assigned to a tender you can get 
them from the ship library, or from the gunnery officer. 

Ali this applies only to nonclassified publications. You’11 
be told when you need Confidential or Secret material. 
You can get it only from the communication officer, and 
you’11 have to sign for it. 
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APPLYING WHAT YOU LEARN 

Because sooner or later you’11 be teaching what you know 
to other men, we’ll let you in on one of the basic principies 
of education. You can use it in your own learning, as well 
as in your teaching. That principle is simply this: We 

LEARN BY DOINO. 

When an experienced Torpedoman^ Mate is talking about 
torpedoes, you can learn a lot by listening. You can leam 
more by reading, and by studying the illustrations in this 
course and in the OP’s. But to make that knowledge stick 
with you, you’11 have to do something about torpedoes. 
Figure 1-1 shows why. 

I OTHER FACTORS BEIN6 EQUAt, WE REMEMBER APPROXIMATELY: I 
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Figure 1-1.—We leam by doins. 

So, at every opportunity, applv your book learning in 
actual work on a torpedo. Whenever you have the chance, 
watch a more experienced man at work. Then do the job 
yourself, while he watches you and makes corrections. 
Practice to build up your skill. Practice until doing the job 
right becomes a habit. 

And one thing more: When an experienced Torpedoman’s 
Mate is explaining something to you, ask him questions— 
lots of them. Don*t be afraid he , ll think you’re ignorant. 
And don’t just find out what to do, and how to do it. Find 
out why you do it. Asking questions doesn’t show ignorance. 
It shows a desire to learn. 

ORGANIZATION 

Your qualifications for advancement require that you be 
familiar with the organization of your own ship and your 
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Fi gure 1-2.—Chart showing gunnery department within Standard ship organization. 







own department. You will most likely be assigned either to 
a fighting ship, such as a destroyer, or to a repair ship or 
tender. On fighting ships, Torpedoman’s Mates are mem- 
bers of tlie gunnery department. Figure 1-2 shows how the 
gunnery department fits into the Standard ship organization. 

The commanding officer, of course, is responsible for the 
entire ship, and ali its functions. Second in command is the 
executive officer, who is the commanding officer’s direct 
representative. He’s responsible for all functions that affect 
the ship as a whole. One of his jobs is to ensure efficient 
operation of the whole ship by coordinating the work of all 
its departments and divisions. 

The entire gunnery department is under the supervision 
of the gunnery officer. He’s in charge of all the ordnance 
equipment aboard, and all the equipment associated with 
deck seamanship. The gunnery officer, with the help of his 
assistants, supervises all the personnel of the gunnery depart¬ 
ment. He’s also responsible for the training of all the 
members of his department, and for coordinating their work. 

One of the gunnery officeres assistants is the torpedo officer. 
You will be under the immediate supervision of the torpedo 
officer. 

If you're assigned to a repair ship or a tender, you’11 be a 
member of the repair department, under the supervision of 
the repair officer. The repair department is divided into a 
number of repair divisions, each responsible for repair of 
one particular kind of equipment. One of these divisions is 
responsible for torpedo overhaul. It’s headed by the torpedo 
repair officer, who will be your immediate supervisor. 
Figure 1-3 shows the organization of the repair department 
aboard a repair ship or tender. Figure 1-4 shows the 
organization of a typical torpedo overhaul shop. 

If the organization of your own group differs a little from 
the Standard ship organization shown in the charts, don’t let 
it worry you. Type commanders have the authority to 
ohange the Standard organization to suit the mission of their 
commands. But all ships of the same type and class will 
have the same kind of organization. 
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The Standard sliip organization weVe described is chiefly 
for pnrposes of administration. Under battle conditions, the 
organization of a ship is governed by its battle bili. A 
separate battle bili is drawn up to fit eaeh ship. It’s your 


COMMANDIN6 
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EXECUTIVE I 

OFFICER | 

REPAIR DEPARTMENT 

REPAIR OFFICER 

(ON REPAIR SHIPS 
AND TENDERS) 

PERSONNEL 
ASSISTANTS AS REQUIRED 
REPAIR DIVISIONS 

FUNCTIONS 

PREPARATION OF REPAIR SCHEDULES 
REPAIR AND SERVICE TO SHIPS AS ASSIGNED 
MAINTENANCE OF REPAIR MACHINERY 
CLEANLINESS AND UPKEEP OF SPACES 
ASSIGNED REPAIR DEPARTMENT 


Fisure 1-3.—Organization of repair department. 

job to study the battle bili carefully—at least the part of 
it that applies to your subdivision. Your battle station will 
depend on the type of ship you’re assigned to, and on her 
mission. On a destrover you’11 probably be assigned to the 
torpedo battery, or to the depth charge battery. 
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Figure 1-4.—Orgcmization of a typical torpedo overhaul shop. 
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QUIZ 

1. In your own words, explain the terms “ordnance” and “underwater 
ordnance.” 

2. What are the three principal weapons of underwater warfare? 

3. What are the two Basic components of a torpedo? 

4. Where can, you find step-by-step instructions for overhauling 
torpedoes? 

5. If you’re assigned to a repair ship, what are your duties likely to be? 

6. Who will be your immediate supervisor on a fighting ship? On a 
repair ship? 
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THE TORPEDO 

In later chapters of this course, we’ll take up the various 
parts of the torpedo one by one, and we’ll explain them in 
detail. In chapter 7, for example, we will describe the head 
section of the torpedo. And we’ll teli you, among other 
things, how the war head of a Mk 13 torpedo differs from 
that of a Mk 15 torpedo. To understand chapter 7, you’11 
liave to understand what part the head section plays in the 
torpedo as a whole. And you’11 have to know what we’re 
talking about when we refer to the Mk 13 torpedo, or the 
Mk 15 torpedo. Impossible as it sounds, there’s a lot of 
truth in this statement: You can’t understand any part of 
the torpedo unless you understand all the other parts first. 

The purpose of this chapter is to make the later chapters 
easier to understand. We’ll take a quick look at the torpedo 
as a whole. We’ll briefly discuss each of the main sections. 
We’ll teli you about the main parts in each section, and give 
you some idea of what they do. In a sense, this chapter is a 
short preview of what comes later. 

INTRODUCTION TO THE TORPEDO 

A torpedo is a self-propelled underwater weapon that 
carries a high-explosive charge. The mine, the depth charge, 
and the depth bomb are all underwater weapons. But these 
three, after they enter the water, merely sink under their 
own weight. The torpedo is the only underwater weapon 
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equipped with a power piant that takes it to the enemy 
ship. (There are a few special weapons that combine some 
of the characteristics of a mine with some of the characteris- 
tics of a torpedo. But we won’t discuss them in this course.) 

When a destroyer attacks an enemy ship on the surface, 
torpedoes are its main armament. The destructive effect of 
a torpedo is greater than that of the biggest guns on a battle- 
ship. There is more high explosive in a torpedo war head 
than there is in any projectile. 

Because the torpedo war head explodes under water, it 
can do more damage than a projectile with the same weight 
of explosive. When a projectile explodes, a part of its force 
is absorbed by the surrounding air. But water is practically 
incompressible. When the torpedo war head explodes, the 
water transfers the full force of the explosive shock wave to 
the hull of the target ship. 

The torpedo, as you can see, makes it possible for small 
ships to carry heavy armament. (But don’t get the idea 
that they make a destroyer the equal of a cruiser or a battle- 
sliip. The big guns are effective at much longer ranges than 
torpedoes.) 


DEVELOPMENT OF THE TORPEDO 

During the American Revolution, Dr. David Bushnell got 
the idea that an explosion in the water, beside the target’s 
hull, would do more damage than the same explosion above 
the water line. To test his idea, he made up a number of 
powder kegs, and launched them in the Delaware river to 
float down on the British fleet. But because he guessed 
wrong about the tide, his powder kegs did no damage. 
Bushnell also invented a primitive, hand-powered submarine. 
Using this submarine, he tried to fasten a mass of explosive, 
fitted with a clockwork detonating mechanism, to the hull 
of a British ship that was blockading New York Harbor. 
This experiment, too, was a failure. 

Bushnell amused a lot of people; outside of that, he didn’t 
accomplish much. But BushnelPs floating powder keg is the 
ancestor of the modern torpedo. All the improvements that 
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make our present torpedoes more effective than floating 
powder kegs were added gradually, one or two at a time. 
Between BushnelPs day and yours, hundreds of different 
types of torpedoes were invented, and put together and 
tested. We won’t give you a long list of names and dates 
to remember. But the principal developments are worth 
knowing about. 

Around 1800, Robert Fulton made an improvement on 
the floating powder keg. Fulton packed black powder into 
wooden boxes, designed to be towed into contact with the 
enemy ship. Each powder box was equipped with a firing 
lanyard, to be pulled at the proper time. In a demonstra- 
tion, Fulton actually succeeded in sinking a ship with one 
of his towed powder boxes. 

Fulton called his new weapon a torpedo. He got the 
name from the electric ray—a type of fish. This fish is able 
to give its enemies a powerful underwater shock. (The 
scientific name of the electric ray is Torpedo torpedo.) 

A few years later, Frederick Harvey made several im- 
provements on Fulton’s towed torpedoes. The Harvey tor¬ 
pedo was equipped with a firing lever. When the torpedo 
fouled the hull of the target ship, the lever drove a firing 
pin into a detonator. And the detonator exploded the main 
charge. Harvey also invented a safety device—a key that 
locked the firing lever to keep it from operating. The safety 
key could be withdrawn by a lanyard when the torpedo was 
a safe distance astern of the towing ship. 

The spar torpedo was developed a few years before the 
American Civil War. It was mounted on the end of a long 
spar that projected from the bow of a torpedo boat. As 
the torpedo boat approached the enemy ship, the torpedo- 
man tilted the spar to lower the torpedo into the water. 
And the crew maneuvered the boat to bring the torpedo 
into contact with the enemy ship’s hull. Finally, the 
torpedoman fired the torpedo by sending a pulse of electric 
current through an insulated cable. This system seems 
crude now. But, during the Civil War, spar torpedoes 
actually sank two large ships. 
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Maybe you’ve noticed that none of the “torpedoes” we’ve 
mentioned was self-propelled. And when Admiral Farragut 
sailed into Mobile Bay and said “Damn the torpedoes,” 
he wasn’t talking about self-propelled weapons. The 
“torpedoes” in Mobile bay were anchored to the bottom. 
Today, we’d call them “mines.” 

Credit for the first self-propelled torpedo goes to a Captain 
Lupius, of the Austrian Navy. Lupius worked out his idea 
during the American Civil War. But Lupius didn’t have 
the mechanical know-how to actually build the torpedo. 

In 1864 he took his pians to Robert Whitehead, a British 
engineer. After two years of work, Whitehead produced a 
short torpedo, 14 inches in diameter, with 18 pounds of 
dynami te in its war head. It was powered by a piston 
engine operating on compressed air at 700 psi. Whitehead^ 
first torpedo ran at 6 knots, for about 100 yards. On some 
of its tests it ran along the surface; on others it dived to the 
bottom. ' 

Whitehead worked steadily to improve his torpedo, and 
during the next 25 years he made one improvement after 
another. His 1889 model carried a main charge of 200 
pounds of guncotton. Its range was 1,000 yards, at an 
average speed of 28 to 29 knots. 

During his 25 years of work, Whitehead invented many 
of the devices you’11 find in modern torpedoes. For example, 
the air system of the Whitehead torpedo was controlled by a 
stop valve, a charging valve, a starting valve, and a reducing 
valve. To keep his torpedo running at the proper depth, 
Whitehead invented a depth mechanism containing a hydro- 
static diaphragm and pendulum. (As you’11 see later, 
modern air-steam torpedoes have ali these parts.) To keep 
his torpedo on course, Whitehead invented a servo motor 
to operate the steering rudders; and this servo motor was 
very much like the steering engine youll read about in chapter 
10 of this course. Whitehead developed the idea of replacing 
the war head with an exercise head for practice shots. And, 
to help him locate the torpedo at the end of an exercise run, 
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he invented a torch pot very much like the one we’ll describe 
in chapter 7. 

While Whitehead was improving his torpedo, other in- 
ventors were busy too. Here are a few of the many ideas 
they tried. 

The Brennan torpedo was put into production in 1887 
for the British Army. The Army intended to launch the 
torpedo from shore, to protect the entrances of British 
harbors. The main engine of the Brennan torpedo remained 
ashore during the torpedo run. The torpedo had twin 
screws, and a double shaft. On each shaft was a spool of 
piano wire, running over a pulley at the top of the torpedo 
amidships, through a guide at the tail, and back to the shore. 
By pulling the wire off the spools, the engine spun the tor- 
pedo’s propellers. And the faster the engine pulled back 
on the wires, the faster the torpedo went forward. 

The Howell torpedo was used by the American Navy 
before we began to experiment with the Whitehead torpedo 
in 1874. The Howell torpedo was powered by a 100-pound 
flywheel; the flywheel was spun by an engine on the firing 
ship, and brought up to a speed of 150 revolutions per 
second immediately before the torpedo was fired. 

The Peck torpedo was powered by steam. The steam 
was supplied to the torpedo’s storage tank by a boiler 
aboard the firing ship. 

The Sims-Edison torpedo was powered by an electric 
motor. Current was supplied to the motor, from a dynamo 
on the firing ship or ashore, through a cable that could be 
payed out to 4,500 yards. To keep it from sinking, the 
torpedo was suspended from a big copper float. 

Most of these experimental torpedoes were abandoned 
shortly after they were tested. Modern air-steam torpedoes 
are based on Whitehead’s ideas. But weVe made three big 
improvements on Whitehead^ basic invention, by— 

1. Substituting a turbine for the piston engine. 

2. Adding fuel to superheat the compressed air. 

3. Adding a gyroscope to control the steering engine. 

Many of our newest torpedoes are powered by electric 
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motors. But, as you’11 see later, they have little resemblance 
to the Sims-Edison model. 

CONSTRUCTION OF THE AIR-STEAM TORPEDO 

The torpedo is built in fi ve sections—the head, air flask 
section, midship section, afterbody, and tail. Since the mid- 
ship section is permanently joined to the air flask section, it*s 
sometimes not counted as a separate section. Each torpedo, 
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Fi gure 2-1.—The fi ve sections of a torpedo. 

when it’s issued to the fleet, consists of three main units: (1) 
the head, (2) the air flask and midship sections (permanently 
joined), and (3) the afterbody and tail (assembled together 
with joint screws). 

Figure 2-1 shows the relative length of the five sections. 

Head Section 

The head section may be either a war head or an exercise 
head. 

The war head is almost entirely filled with high explosi ve. 
Some types of war heads contain lead weights mounted on the 
inside of the shell. These weights serve as ballast, to help 
keep the torpedo right side up. Mounted in a cavity in the 
bottom of the war head is an exploder. 

The exploder does two things: 

1. It explodes the main charge of high explosi ve when the 
torpedo reaches its target. 

2. It prevents accidental damage to the firing ship by re- 
maining inoperable—so that the main charge can’t explode— 
until after the torpedo has completed the first part of its run. 
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Ali the exploders now issued to the fleet are of the inertia 
type. They explode the main charge only when the torpedo 
strikes a solid object, such as the hull of a ship. During 
Word War II the Navy used a number of ‘^ 06 ^ 6 ” ex¬ 
ploders, and it will probably use them again at some time in 
the future. The influence exploder contains an electronic 
mechanism that operates when the torpedo passes near a 
large mass of iron or Steel. The torpedo doesn’t have to 
actually strike the target ship. We can aim the torpedo so 
that it will explode under the targefs keel, where it will do 
more damage. 

While the torpedo is aboard the firing ship, and during the 
first part of its run, the exploder can’t operate. Even if its 
detonator should explode accidentally, it wouldn*t fire the 
main charge. As the torpedo runs through the water, water 
pressure tums it impeller—a small turbine in the bottom of 
the exploder case. The impeller, through a gear train, re- 
arranges parts of the exploder to put the safety feature out of 
action. After the torpedo has completed from 200 to 400 
yards of its run, the exploder is ready to operate. It will then 
fire as soon as the torpedo strikes a solid object. 

For a test shot, or for firing practice, you use an exercise 
head instead of a war head. The exercise head, of course, 
contains no explosive charge and no exploder mechanism. 
At the bottom of the exercise head, soldered to the inside of 
the shell, are one or more lead ballast weights. For an exer¬ 
cise shot, you fili the head section with water or a Chemical 
solution, so that it weighs approximately the same as a war 
head. At the end of the exercise run, an air-releasing mech¬ 
anism in the exercise head opens a valve. Through this 
valve, compressed air enters the head and forces the water 
out through a discharge valve in the bottom of the shell. 
When the head is emptv, it gives the torpedo enough buoy- 
ancy so that it can float until you recover it. 

In the top of the exercise head shell you can mount a hoad- 
light, or a torch pot. Both these devices help you to find the 
torpedo after an exercise shot. 
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Air Flask Section 


As you can see in figure 2-1, tlie air flask section is the 
longest part of the torpedo. The air flask itself takes up 
most of this section. This flask carries the torepedo’s air 
supply, at a pressure of 2,800 psi. Abaft the air flask is the 
water compartment, and inside the water compartment is a 
fuel flask. At the after end of the water compartment is a 
bulkhead that divides the air flask section from the midship 
section. 

Midship Section 

Inside the midship section are a number of pipes that carry 
air, fuel, and water from the air flask section to the superheat- 
ing system in the afterbody. Mounted on the shell of the 
midship section are a number of valves. These include— 

1 . The stop valve, by which you can shut off the air flask 
from the rest of the system. 

2 . The charging valve, through which you can charge 
the air flask. 

3. The fuel and water check valves, which control the 
flow of fuel and water to the superheating system. 

Afterbody 

The afterbody is closed at its forward end by the turbine 
bulkhead. Mounted on the forward face of this bulkhead 
are several important parts of the torpedo. They include— 

1. The Combustion Flask. In this flask, the fuel mixes 
with compressed air, and burns. Water enters the flask and 
turns to steam. 

2 . The Reducing Valve. The air in the air flask is too 
highly compressed to go directly to the combustion flask. 
The reducing valve reduces the air pressure to the proper 
value. 

3. Speed Change Mechanism. Most torpedoes are 
designed to run at one certain speed. But in two types of 
torpedoes—Mk 14 and Mk 15—the speed is adjustable. 
(The Mk 14 has two speeds; the Mk 15 has three.) In 
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these torpedoes, the speed change mechanism is mounted 
on the forward face of the turbine bulkhead. It Controls 
the speed of the torpedo by controlling the flow of air, fuel, 
and water to the combustion flask, and by controlling the 
flow of hot gases from the combustion flask to the turbines. 
(In the Mk 15, it also shifts the gears in the main engine.) 

4. Igniter. When you fire the torpedo, air pressure 
operates the igniter. The igniter starts the burning of the 
fuel and air mixture. 

The two turbines are mounted on the after side of the 
turbine bulkhead. The hot combustion gases flowing from 
the combustion flask strike the turbine blades and spin the 
turbines. The main engine consists of a gear system that 
transfers the turning force of the turbines to the two propeller 
shafts. One of these shafts is hollow, and the other turns 
inside it. The two shafts turn in opposite directions. The 
lubrication system supplies oil to the moving parts of the 
main engine. 

The two control mechanisms —the steering mechanisms 
and the depth mechanism—keep the torpedo on course and 
at the proper depth during its run. 

Because it responds to water pressure, the depth mecha¬ 
nism will operate when the torpedo gets too high in the water, 
or too deep. It sends correcting orders to the depth engine. 
The depth engine moves the two depth rudders on the tail, to 
bring the torpedo back to the proper depth. 

The heart of the steering mechanism is the gyro. It’s 
a small wheel that spins at high speed. Compressed air 
keeps it spinning throughout the torpedo run. While it*s # 
spinning, the gyro keeps its axis pointed always in the same 
direction. If the torpedo turns off its set course, the gyro 
axis will stili point in its original direction. That means 
that when the torpedo turns off course, the gyro will be in a 
different position relative to the rest of the torpedo. The 
steering mechanism detects this difference, and sends cor¬ 
recting orders to the steering engine. And the steering 
engine turns the steering rudders, to bring the torpedo back 
on course. 
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The exhaust system carries the spent gases from the 
turbines, through exhaust valves in the after bulkhead, into 
the hollow tail section. 

Tail 

Mounted on the outside of the tail cone are the four fins, 
or vanes, that help to control the path of the torpedo during 
its run. At the after edge of the vertical fins are the two 
steering rudders; on the after edge of the horizontal fins are 
the two depth rudders. 

At the end of the tail cone are the two propellers. The 
propellers are mounted on hollow sleeves; one of these sleeves 
turns inside the other. Each of the two propeller sleeves is 
keyed to one of the two propeller shafts. The exhaust gases 
that enter the tail cone pass through holes in the propeller 
sleeves. The exhaust moves aft through the inner sleeve, 
and leaves the torpedo aft of the propellers. 

TORPEDO OPERATION 

Here is a short outline of what happens to an air-steam 
torpedo when you fire it. 

1 . On the upper part of the torpedo’s afterbody is a 
starting lever. The launching mechanism operates the 
starting lever at the instant you launch the torpedo. When 
you fire the torpedo from a tube, the starting lever strikes 
a tripping latch inside the tube, and the tripping latch 
throws the starting lever aft. When you drop a torpedo 
from an aircraft, or from a PT boat, a lanyard operates the 
starting lever. 

2 . The starting lever operates the starting gear, which in 
turn allows the starting valve to open. 

3. High-pressure air from the air flask flows through the 
starting valve to the gyro-spinning mechanism, which spins 
the gyro and brings it up to full speed. 

4. High-pressure air from the flask goes through the 
starting valve to the reducing valve. Low-pressure air 
from the reducing valve does a number of things at once. 
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5. Low-pressure air flows directly into the combustion 
flask. 

6 . Low-pressure air enters the fuel and water compart- 
ments, and forces fuel and water into the combustion flask. 

7. Low-pressure air fires the igni ter, which ignites the 
mixture of compressed air and fuel in the combustion flask. 
The heat of the burning fuel turns the water into steam. 

8 . Hot gases from the combustion flask spin the turbine. 

9. The turbine, through the main engine and the propeller 
shafts, spins the two propellers. 

10 . Low-pressure air flows to the gyro, to keep it spinning 
throughout the torpedo run. 

11 . Low-pressure air flows to the depth and steering 
engines, and provides the energy with which they operate 
the rudders. 


LAUNCHING TORPEDOES 

There are two principal ways to launch a torpedo—by 
firing if from a tube, or by dropping it from a rack. 

Modera destroyers and destroyer escorts carry five tor- 
pedoes in a tube mount that consists of five barrels side by 
side. The tube mount is carried amidships. It can be 
trained through a wide arc, so that torpedoes can be fired 
from either side of the ship. Because of limited space, 
the ships usually carry no spare torpedoes. Torpedoes are 
fired from the trainable tube mount by impulse charges 
of black powder. 

Some of the newer DD’s and DE’s are being fitted with 
fixed tubes, located below the weather deck. These tubes 
can*t be trained; they’re fixed in the hull athwartships, or at 
an angle. The torpedoes are fired from the tubes by com¬ 
pressed air. The number of spares on board depends on the 
type of installation. 

PT boats launch torpedoes from racks at the sides of the 
boat. A PT boat may carry from two to four torpedoes. 
Airplanes drop torpedoes from launching racks. Usually, 
an airplane carries only a single torpedo. 
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Submarines fire torpedoes from fixed, below-water tubes. 
The torpedoes are expelled from the tubes by compressed air. 
Spares are carried in ready racks near the tubes. A sub- 
marine on war patrol will usually put to sea with a load of 
24 torpedoes aboard. 

TORPEDOES IN ACTIVE SERVICE 

Like ali ordnance devices, torpedoes are designated by 
mark and mod. The mark number indicates the type of 
device. The mod number indicates the small changes, or 
modifications, of that type. To see how this system works, 
let’s use an imaginarv weapon. Let’s say that BuOrd has 
invented a machine that projects death rays. The first such 
device to be developed would be designated Death RayPro¬ 
jector Mk 1 Mod 0. (Mark is usually abbreviated to Mk.) 
From time to time, small improvements may be made in the 
basic design. For example, the firing lever might be moved 
to a new position, to make the weapon easier to operate. 
The improved design would be Death Ray Projector Mk 1 
Mod 1—meaning the first modification of the first basic design. 
Later modifications would be designated Mod 2, Mod 3, etc., 
in the order of their appearance. 

Now let’s say that BuOrd changes the basic design. The 
new weapon might have a different projection system, to in- 
crease its range. The new weapon would be Death Ray Pro¬ 
jector Mk 2 Mod 0. The first modification of the new 
design would be Mk 2 Mod 1, and so on. 

Here’s a short discussion of each of the typesrof torpedoes 
we’ll describe in this book. 


Mk 13 

This torpedo, compared with the others, is short and fat. 
It’s only 13 % feet long, and its diameter is 22^ inches. (The 
others ali have the same diameter—21 inches—so they will 
fit the Standard torpedo tubes.) The Mk 13 is designed for 
launching from aircraft and PT boats. Its range is 6,000 
yards at an average speed of 33 % knots, and it carries 600 
pounds of high explosive. 
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Mk 14 and 23 


The Mk 14 is designed to be fired from submarines. Its 
length is about 20 % feet. As you remember, the Mk 14 can 
be set for either of two speeds. At the high speed setting it 
has a range of 4,500 yards, at an average speed of 46 knots. 
At the low speed setting its range is 9,000 yards, and its 
average speed is 32 knots. It carries 600 pounds of high 
explosi ve. 

The Mk 23 torpedo is exactly like the Mk 14, except that it 
has no speed change mechanism. It operates only at high 
speed. 

Mk 15 

The Mk 15 torpedo is designed to be launched from the 
deck tubes of DD’s and DE’s. It’s 24 feet long, and carries 
an explosive charge of about 800 pounds. It has three 
speeds: 26% knots (range 15,000 yards); 33 % knots (range 
10,000 yards); and 45 knots (range 6,000 yards). 

Torpedoes Mk 13, 14, 15, and 23, are very much like 
the “typical” air-steam torpedo that weVe described. 

Mk 16 

The Mk 16 is a Navol torpedo. Navol is a Chemical that 
can be made to release large quantities of oxvgen. In the 
Mk 16 torpedo, Navol supports the combustion of the fuel; no 
compressed air enters the combustion flask. But the Mk 16 
uses compressed air to spin its gyro and operate its depth 
and steering engines. As in the other torpedoes, gases 
from the combustion flask spin the turbines. 

Because the Mk 16 torpedoes are classified, we can*t 
describe them in this book. 

Mk 18 

The Mk 18 is an electric torpedo designed to be fired 
from submarines. Instead of turbines and a main engine, it 
uses an electric motor. Instead of an air flask section, 


31 


Digitized by 


Google 



it has a battery compartment. It uses compressed air, 
supplied by three small flasks in the afterbody, to spin its 
gyro and operate its depth and steering engines. 

Figure 2-2 sums up the principal data on the Mk 13, 14, 
15, 18, and 23 torpedoes. 

What about the other marks? Torpedoes Mk 1 through 
Mk 12 are obsolete. We won J t describe the torpedoes with 
higher mark numbers, for several reasons. Some of them are 
classified, and can’t be described in an unclassified book. 
Some of them were abandoned before issue to the Service. 
Some of them were designed only for test purposes. And 
many of them are stili under development. 

Homing Torpedoes 

A homing torpedo guides itself toward its target. At 
present, ali homing torpedoes are acoustic ; they depend on 
sound for guidance. The passive acoustic torpedoes “listen” 
for sounds made by the target ship, and steer themselves 
toward those sounds. The active acoustic torpedoes send 
out pulses of sound, “listen” for echoes from the target 
* ship, and steer themselves toward the echoes. All the hom¬ 
ing torpedoes are classified, and there isn’t much we can say 
about them in this course. 
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Figure 2-2.—Torpedo data. 
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QUIZ 

1. Why can a torpedo do more damage than a projectile with the 
same weight of explosi ve? 

2. Name the British engineer who developed the first self-propelled 
torpedo. Approximately when did he do this work? 

3. Name the five sections of an air-steam torpedo, from fore to aft. 

4. Which two of these sections are permanently joined? 

5. Which of these parts are not in the afterbody: depth engine; 
turbines; fuel flask; gyro; main engine; propeller sleeves; propeller 
shafts; stop valve. 

6. Name the two control mechanisms, and teli what they do. 

7. What supplies the energy to fire a torpedo from a trainable tube 
mount? From a fixed tube? 

8. Can you fire a Mk 13 torpedo from a submarine? Why? 

9. Which mark of torpedo fits each of these statements— 

a. two-speed air-steam torpedo 

b. Navol torpedo 

c. fired only from DD’s and DE’s 

d. electric torpedo fired from submarines 

e. three-speed air-steam torpedo 

f. launched from aircraft or PT boats 

g. same as Mk 14 except that it has only one speed 

h. diameter 22 }£ inches 
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BASIC SCIENCE 

In this sliort chapter we will review some basic ideas about 
matter and energy. Don’t let the chapter title worry you. 
We aren’t going to give you a lot of theories to memorize. 
Ali these basic principies have practical uses. They will help 
you to understand how torpedoes and torpedo equipment 
work. And they will help you to understand why you must 
follow certain steps when you overhaul a torpedo. 

Most of this chapter is so elementary that you cen run 
through it quickly. If you find an idea that seems unfamiliar 
to you, you may need to do a little extra reading on that sub- 
ject. At the end of the chapter we will list several references. 
You can use them for further study if this chapter shows 
that you need it. 


NATURE OF MATTER 

By matter, we mean anything that has mass, and takes 
up space. That obviously includes all solids and liquids. 
And, although it isn’t quite so obvious, it also includes all 
gases. But you can quickly show that a gas, such as air, 
takes up space. If you invert a drinking glass and push it 
into a Container of water, you’ll see that the water doesn’t 
rise and fili the glass. That’s because the air in the glass 
takes up space. You know that the air in an automobile tire 
takes up space, because it holds the car up off the road/ 
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It isn’t as easy to show that a gas has mass. But if you 
weigh a fully inflated tire, then let the air out and weigh it 
again, you’11 find that the difference in weight is an ounce or 
more. That’s the weight of the extra air that was forced into 
the tire when it was inflated. 

General Properties of Matter 

All matter has certain properties, or characteristics. 
Here are some of them. 

Impenetrability. This means that two things can’t be 
in the same place at the same time. You can see a good 
example of this when two cars meet at an intersection. The 
two cars can’t be in the same place at the same time, so one 
of them will have to give way to avoid a collision. You can’t 
pour water into a jug through a narrow opening, unless the 
air in the jug has some way to escape. The water and air 
can’t occupy the same space at the same time. And when 
you drive a nail into a piece of wood, the nail doesnT pene¬ 
trate the wood fibers—it pushes them aside. 

Indestructibility. You can’t destroy matter. You can 
chop it up, burn it, freeze it, melt it, or vaporize it. But you 
can’t destroy it. If you start out with a pound of matter 
you’11 end up with a pound. 

Volume. Because matter takes up space, it has volume. 
You can state the volume of any object in cubic feet, or cubic 
inches, or cubic centimeters. You learned in grade school 
how to find the volume of a regular solid, such as a cube: you 
multiply the length by the width by the height. You can 
measure the volume of a liquid by pouring it into a suitable 
Container, such as a graduated cylinder. Since a gas will 
expand to fili anything you put it into, its volume is always 
the same as that of its Container. 

How can you find the volume of an irregular solid? Unless 
it’s something that will dissolve in water, this system will 
always work. Fili a suitable Container with water—riglit up 
to the brim. Carefully lower the irregular solid into the 
water, and catch the overflow in a pan. Then measure the 
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overflow by pouring it into a graduated cylinder. Since 
matter is impenetrable, the irregular solid displaces its own 
volume of water. 

Weight and Mass. These two terms do not have the 
same meaning. The mass of any object is the amount of 
matter in it. For any given object, the mass is always the 
same. The weight of an object is a measure of the eartlTs 
attraction for it. Weight depends on two things: the mass of 
the object, and the force of gravity. The mass doesn’t 
change, but the force of gravity depends on the distance from 
the center of the earth. Thus any given object will weigh 
more at sea level than it will on a mountain top. 

Density. A piece of iron will sink if you put it in water, 
but the same piece of iron will float if you put it in mercury. 
Iron is more dense than water, but less dense than mercury. 
Density is a measure of weight per unit volume. When you 
state the density of any substance, you must also teli what 
units of weight and volume you’re using. Thus the state- 
ment that water has a density of one is meaningless. Water 
has a density of one gram per cubic centimeter. But it has 
a density of about 62.5 pounds per cubic foot. 

Specific Gravity. The specific gravity of a substance is 
the density of that substance compared to the density of some 
Standard substance. For gases, we use air as a Standard; for 
liquids and solids, we use water. The specific gravity of 
water, of course, is one. A piece of iron weighs 7.86 times as 
much as the same volume of water, regardless of the units 
you use for your measurements. Iron, therefore, has a 
specific gravity of 7.86. 


Elements 

If you look around you, you’11 see a large number of differ¬ 
ent kinds of matter. But everything you see is made up of 
one or more of the Chemical elements. Many of these ele¬ 
ments are so rare that you will never see them. But you*re 
familiar with the common ones, such as iron, lead, tin, carbon, 
aluminum, copper, sulfur, etc. 
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Most of the thinga you see around you are combinations of 
two or more elements. Brass, for example, is a mixture of 
copper and zinc. The air you breathe is a mixture of oxygen 
and nitrogen, with traces of other gases. Water, as you 
know, is a combination of hydrogen and oxygen. 

But water and brass are two very different kinds of combi¬ 
nations. What’s the difference? In brass, the proportions 
of copper and zinc can vary, but you’11 stili have brass. The 
proportions of nitrogen and oxygen in the air can change, 
but it’s stili air. Water is different. In water, there are 
always two parts of hydrogen to one part oxygen. You 
can’t change the proportions and stili have water. Air and 
brass are examples of mixtures of elements. Water is a 
Chemical compound. 

You’re familiar with many simple compounds. Table salt 
is a compound of one part sodium and one part chlorine. 
Sugar is a compound of 12 parts carbon, 22 parts hydrogen, 
and 11 parts oxygen. Sulfuric acid, which you’11 use to make 
the electrolyte for torpedo batteries, is a compound of 2 parts 
hydrogen, one part sulfur, and 4 parts oxygen. As in all 
compounds, the elements are locked together in definite 
proportions. You. can’t change those proportions and stili 
have the same compound. 

The things you see around you are either elements, mix¬ 
tures, or compounds. Many familiar substances—butter 
% for example—are mixtures of a number of compounds. And 
of course everything you see is made up of one or more of the 
92 Chemical elements. 


Molecules and Atoms 


Let’s say that you take a drop of water and divide it into 
two parts. Take one of those parts and divide it into two. 
Take one of those and divide again. How long can you keep 
that up and stili have water? There is no apparatus you can 
use to actually perform this experiment. But if you could 
divide your drop of water as many times as you please, you’d 
eventually reach a point where you’d no longer have water. 
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Your last division would separate the water into hydrogen 
and oxygen. The smallest particle of a compound that can 
exist, and stili have the properties of the compound, is called 

a MOLECULE. 

If you divide an element, such as copper, into smaller and 
smaller parts, you’11 finallv end up with a particle that is no 
longer copper. The smallest particle of an element that can 
exist, and stili have the properties of that element, is called 
an atom. 

You probably know now why compounds are made up of 
elements in definite proportions. In water, two atoms of 
hydrogen are locked to one atom of oxygen to make one 
molecule of water. One atom of chlorine is locked to one 
atom of sodium to form one molecule of table salt. In a 
mixture, the atoms are not locked together. Brass is simply 
a mixture of copper atoms and zinc atoms, with no Chemical 
combinat ion between the two. 

States of Matter 

Matter can exist in any of three states—as a solid, a 
liquid, or a gas. You’re very familiar with ali three states 
of water. At room temperature it’s a liquid. If you take 
some of the heat out of it, it becomes a solid—ice. If you add 
enough heat to it, it turns into a gas—steam. 

Any of the elements can exist in any of the three states. 
If you cool oxygen enough, you’11 turn it into a liquid. If, 
you can cool it stili more, it will freeze solid. If you add 
enough heat to iron, it will melt; if you can add stili more 
heat, it will turn to a gas. 

This isn’t always true of compounds. You never saw 
melted wood, for example. Some compounds, when they’re 
heated, undergo a Chemical change. The resuit is one or 
more different compounds. 

In a solid, the molecules have very little freedom of move- 
ment. A solid, unless it’s under pressure, will hold its shape. 
The molecules of a liquid have more freedom; they caneasily 
slide over one another. A liquid can*t hold its shape. It will 
flow, and take the shape of the sides and bottom of its con- 
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tainer. In a gas, the molecules have even more freedom of 
movement. A gas will expand until it filis its Container 
entirely. 

FORCE, WORK, AND ENERGY 

A force tends to cause motion, or change motion. If you 
apply a pushing force to a book lying on your desk, you , ll 
tend to push it across the desk. If the force you apply is 
strong enough to overcome the friction of the book against 
the desk top, your force will cause motion; the book will 
move. Now, if some one applies an equal and opposite 
pushing force to the book, it will stop moving. The second 
force caused a change of motion. 

If you apply an unbalanced force to any object, that 
object will not only move, it will accelerate. That means 
simply that its speed will continue to increase. If you push 
a book with a force greater than that of the opposing friction, 
the book will continue to increase its speed as long as you 
keep pushing. If you drop a rock off a cliff, the rock will fall 
at a constantly increasing speed until it hits the earth. 

Matter, in itself, is inert; it can’t change its state of motion 
unless a force is applied to it. If we make a more detailed 
statement of that principle, we’ll have the law of inertia. 
That law says this: If a body is at rest, it will remain at rest 
unless a force is applied to it; if a body is in motion it will 
continue to move at the same speed, and in the same direc- 
tion, unless a force is applied to it. 

You can rest a 1-pound weight on your toe without suffer- 
ing. But if you drop the same weight on your toe from a 
height of several feet, the resuit will be different. The mov¬ 
ing weight will keep moving until it meets a force strong 
enough to stop it. Your toe can supply the necessary force, 
but not comfortably. 

You can see another good example of inertia in the ex- 
ploder mechanism of the torpedo. A small ring of metal, 
called the inertia ring, is mounted in the exploder in such a 
way that it has some freedom of movement. When the tor¬ 
pedo is underway, the inertia ring moves at the same speed 
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as the torpedo. When the torpedo strikes the target it stops, 
or glances off in the new direction. But the inertia ring, 
because it’s free to move inside the exploder, keeps on going 
in the original direction. In so doing, it triggers the ex¬ 
ploder mechanism and detonates the war head. 

Centrifugal force is a special case of inertia. Let’s 
suppose that you tie a small weight to a string, and whirl it 
around your head. Because of its inertia, the weight tends 
to keep moving in a straight line (as you’11 see if you let go of 
the string). To keep it swinging in a circle, you have to 
apply a steady inward force on the string. And while it*s 
moving in a circle, the weight applies a steady outward 
force—centrifugal force—to the string. 

Any spinning object develops a centrifugal force. The rim 
of a turning wheel, for example, pulls outward on its spokes. 
The strength of the centrifugal force varies as the square of 
the speed at which the wheel is turning. If you double the 
speed of rotation, for example, the centrifugal force will 
increase four times. If you triple the speed, the centrifugal 
force will be nine times as great. That explains why you 
must never let a torpedo make a hot run on deck. With the 
propellers out of the water, the engine continues to speed up. 
The centrifugal force on the turbine blades quickly builds up 
to the point where it tears the turbines to pieces. 

We measure force in the same units we use to measure 
weight—grams, pounds, tons, etc. 

Pressure is force per unit area. Obviously, the amount 
of pressure depends on two things—the amount of force and 
the area it’s applied to. Imagine that therp’s a 10-pound 
weight on your desk. It’s applying a force of 10 pounds to 
the desk top. But what pressure is it applying? If the 
bottom of the weight has an area of 10 square inches, the 
weight applies a pressure of one pound per square inch. But 
if the bottom of the weight has an area of only one square 
inch, then it applies a pressure of 10 pounds per square inch. 

(That explains why it doesn’t take much force to push 
a needle into your flesh. Suppose that you apply a needle 
to your skin with a force of 4 ounces. What pressure does it 
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exert? If the needle is really sharp, the area of its point 
is something like a millionth of a square inch. Pressure is 
force divided by area. Four ounces, divided by one millionth 
of a square inch, gives a pressure of 4 million ounces (or 125 
tons) per square inch. Thafs more pressure than your skin 
can resist.) 

Remember that to specify a pressure, you have to specify 
both a force and an area. A pressure can be stated in grams 
per square centimeter, or pounds per square foot, or tons per 
square yard, etc. 

Work is force times distance. The amount of work you do 
depends on two things—the amount of force you apply, and 
the distance over which you apply it. If you lift a 1-pound 
weight through a distance of 10 feet, you do 10 foot-pounds 
of work. If you lift a 10-pound weight through a distance of 
1 foot, you also do 10 foot-pounds of work. 

In a physical sense, it doesn’t take any work to hold a 
50-pound weight 2 feet off the deck, even if you hold it there 
all day. You have to exert a steady force of 50 pounds as long 
as you hold the weight. But there’s no work unless you exert 
that force through a distance. 

So, to specify an amount of work, you must specify both a 
force and a distance. You can state an amount of work in 
foot-pounds, or gram-centimeters, or ton-miles, etc. 

Power is the rate of doing work. You express it as units 
of work per unit time, such as gram-centimeters per second, 
or foot-pounds per minute. 

Let’s say that you lift 10 pounds through a distance of one 
foot, in one second. And let’s say that your friend lifts 20 
pounds through a distance of 15 feet in a minute. Who used 
the most power? You did. Your friend did a lot more work, 
but power is the rate of doing work. You did 10 foot-pounds 
of work in one second. The power you used was 10 foot- 
pounds per second. Your friend did 300 foot-pounds of 
work, but it took him 60 seconds to do it. His power was 300 
divided by 60, or only 5 foot-pounds per second. 

A common unit of power is the horsepower. It’s defined 
as a rate of 550 foot-pounds per second. What horsepower 
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did you use in the above example? Your power was 10 foot- 
pounds per second. Your horsepower was 10 divided by 550, 
or 1/55 horsepower. 

Energy is the ability to do work. It can take several 
different fornis. A torpedo storage battery, for example, has 
Chemical energy. We can make the battery do work by con- 
necting it to an electric motor. A spinning turbine, or a 
falling stone, has mechanical energy; both will do work if you 
connect them to a suitable machine. A flowing electric cur¬ 
rent, or a charged capacitor, has electrical energy; both can 
be made to do work. The hot gases from burning oil have 
heat energy; you can make them do work by applying them 
to a boiler. 

Energy, like matter, can’t be created or destroyed. We 
can use it, but we can’t make it. And when we’re through 
using it it’s stili there. Ali weVe done is change its form. 
Eor an example, think what happens during the run of an 
air-steam torpedo. In the beginning, the fuel has Chemical 
energy, and the air in the air flask has mechanical energy. 
During the torpedo run the fuel burns, and changes its Chemi¬ 
cal energy to heat. The heat increases the pressure of the 
air, and adds to its mechanical energy. The air spins the 
turbines, which transfer the mechanical energy to the pro- 
pellers. 

Where does the energy go from there? In forcing the 
torpedo through the water, the propellers turn their me¬ 
chanical energy into heat. And this heat actually raises the 
temperature of the sea by a small amount. During its run, 
the torpedo transfers its energy to the sea. You can’t get 
the energy back, but it’s there just the same. The torpedo 
neither creates energy nor destroys it. It simply uses it by 
changing its form. 

PHYSICAL AND CHEMICAL CHANGES 
Physical Changes 

You know that you can’t destroy matter, but you also 
know that you can change it. The simplest way to define a 
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oot- physical change is to say that it’s not a Chemical change; after 
550 . a physical change you stili have the same compounds you 
started with. For example, you can chop a block of wood 
eral into splinters, but it’s stili wood. That’s a physical change. 

has If you put an iron rod in a lathe you can reduce it to shavings, 

on- but it’s stili iron. If you have a mixture of powdered iron 

r a and powdered sugar, you can remove the iron with a magnet. 

rou But you stili have powdered iron and powdered sugar. Ali 

ur- these are physical changes. 

an Changes of state are also physical changes. If you freeze 

ive water into ice or boil it into steam it’s stili water, even though 

em you use a different name for it. There^ no Chemical change 

in the water molecules. 

When you apply heat to a piece of iron, the iron undergoes 
^ a physical change. It not only gets hotter, but it gets bigger. 

Most substances expand as they get hotter. (There are a 
an few exceptions.) YouVe probably noticed the expansion 

d joints in bridges. These joints permit the bridge to expand, 

7 without buckling, when the weather gets hot. If youVe ever 

i* walked along a railroad track, you know that the rail sections 

don’t meet end-to-end; the builders have left a small gap at 
v the end of each section, so that the rails can expand. 
h Most liquids show the same effect: they expand as the 

temperature rises, and contract as it falis. A familiar ex- 
e ample is the liquid in a thermometer. As it gets warmer, 
the liquid expands, rises higher in the column, a nd indicat es 
a higher temperature on the calibrated scale. 

How about gases? YouVe already learned that a gas will 
expand until it filis its Container completely. How can it 
expand any more when it’s heated? 

Here’s an experiment for a cold winter day. Blow up a 
toy balloon, and tie it tightly so that no air can escape. Now 
take it outdoors and leave it there until the air inside gets 
cold. Measure the circumference of the balloon. Then 
take it indoors, leave it until it warms up, and measure again. 
You’11 find that it’s bigger when it’s warm. 

, But suppose you have a gas in a rigid Container, .so that 
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it can’t expand when you heat it. It will try to expand any- 
way. Its pressure will increase. You can demonstrate this 
if you have a car, and a tire gage, and a little free time on a 
summer day. Check the pressure in one of your tires before 
you start to drive. Drive several miles at moderate speed, 
so that the tires heat up. Then check the pressure again; 
you*ll find it’s higher. 

To sum up: when you heat a gas in a closed Container its 
pressure increases; when you cool it the pressure decreases. 
There'8 a lesson in this. You will be told that you must 
never leave a charged air flask where direct sunlight can fall 
on it. It's easy to see why this rule is necessary. The pres¬ 
sure inside a charged air flask is already very high. If you 
let its temperature rise, the pressure may build up enough 
to explode the flask. 

What happens when you change the pressure of the gas in 
a rigid Container? If you increase the pressure, by forcing 
more gas into the Container, the gas gets hotter. If you 
decrease the pressure, by letting some of the gas escape, it 
gets colder. 

Youfll see this effect when you have to charge the torpedo 
air flask. As you force more air into the flask, its tempera¬ 
ture will increase. When the gage shows that the flask is 
fully charged, you’11 shut off the valve, and no more air will 
enter the flask. What happens now? The air in the flask 
will gradually cool. You know what happens to a gas when 
it cools: its pressure drops. So you’11 have to give the flask 
another charge after it has cooled. And you may have to 
repeat this process several times. 

You will be told that you must not cool the flask arti- 
ficially—by spraying it with water for example—to speed 
things up. Why not? Because the metal of the flask is 
hot, and it has expanded. When you cool it, it will contract. 
But you ean’t cool ali the parts of the flask at once. The 
point where the water first hits will contract while the rest 
of the flask is stili expanded. That will set up strains in the 
metal; such strains may be strong enough to break the flask. 
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Chemical Changes 

A Chemical change produces a change in the molecules. 
The compounds you end up with are not the ones you 
started with. The most familiar example is burning. What 
happens when alcohol burns in the combustion flask of a 
torpedo? That’s a Chemical change. You start out with a 
compound—alcohol, and an element—oxygen. You end up 
with two compounds—water and carbon dioxide. 

Most Chemical changes either give off energy or absorb it. 
For example, you can separate water into hydrogen and 
oxygen by applying electrical energy. (This actually 
happens in the torpedo battery, as you’11 learn in volume 2 
of this course.) Many Chemical changes give off heat; 
burning is the most obvious example. 

A chemical change often results in a change of state. The 
electrolysis of water, which we mentioned in the last para- 
graph, changes a liquid into two gases. When magnesium 
burns, a solid (magnesium) and a gas (oxygen) combine to 
form a solid—magnesium oxide. When alcohol burns, a 
liquid (alcohol) and a gas (oxygen) combine to form two 
gases—carbon dioxide and water. (Remember that water 
is a gas when it’s in the form of steam.) 

Wlien the alcohol burns in the combustion flask of a 
torpedo, it gives mechanical energy to the turbines in two 
different ways. First, by changing a liquid into a gasi 
Because the gas takes up more space than the same weight 
of liquid, the reaction increases the pressure inside the flask. 
The heat of the reaction increases the pressure stili more. 

The same things happen when a torpedo war head ex¬ 
plodes, but they happen much faster. The main charge in 
the war head is a solid; when it explodes it turns to gas. 
The heat of the reaction increases the pressure. The resuit is 
a sudden, devastating pressure against the hull of the enemy 
ship. 

Symbols and Equations 

Later in the book we’ll use a few chemical equations. 
Don*t let them worry you. They’re just a form of short- 
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hand, to show you what happens during a Chemical change. 
And the shorthand system is very easy to learn. In Chemical 
equations, the elements are represented by symbols, to save 
space. Here are the symbols for some of the common 
elements. (You don’t have to memorize them.) 

AI—Aluminum N—Nitrogen 

C—Carbon O—Oxygen 

C1—Chlorine K—Potassium 

Cu—Copper Na—Sodium 

H—Hydrogen S—Sulfur 

Fe—Iron Sn—Tin 

Pb—Lead Zn—Zinc 

Most of these you can recognize as simple abbreviations. 
How do we get Fe for iron, and Cu for copper? These are 
abbreviations of the Latin names. 

Each Chemical compound can be represented by a formula, 
composed of symbols. The formula for water, as you prob- 
ably know, is H 2 0. That formula shows that each molecule 
of water contains two atoms of hydrogen and one atom of 
oxygen. 

A chemical equation is a simple statement of what happens 
during a chemical reaction. When you burn hydrogen it 
combines with oxygen to form water. WhaPs the equation 
for that? We could write— 

H+0->H 2 0 

That says that hydrogen plus oxygen produces water. But, 
as it stands, that equation isn’t accurate. First of ali, it 
isn’t balanced; there are two hydrogens on the right side of 
the equation, and only one on the left. Second, we want 
an equation that telis what happens in terms of molecules. 
H 2 0 is the formula for a molecule of water; but H isn’t the 
formula for a molecule of hydrogen. When elements are in 
the form of a gas, two atoms usually combine with each 
other to form a molecule. The formula for a molecule of 
hydrogen, then, is H 2 . And our corrected, balanced equation 
is this— 

2H 2 +0 2 —>2H 2 0 
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It says that two molecules of hydrogen, plus one molecule 
of oxygen, produce two molecules of water. 

WATER PRESSURE AND BUOYANCY 

You know, of course, that water exerts pressure. If youVe 
done any underwater swimming, you know that the pressure 
in your ears is uncomfortable when you swim down to 10 
or 15 feet below the surface. At 30 feet, the pressure becomes 
rather painful. 

Why does the pressure increase as you go down? The 
answer is pretty obvious. The pressure is caused by the 
weight of the water above you. The farther below the surface 
you swim, the greater the weight of water pressing down on 
you. 

Exactly how much is the pressure at any given depth? 
Trv to imagine one cubic foot of water, with its top surface at 
the surface of the sea. Its bottom surface, of course, is one 
foot below sea level. Because of gravity, any body at rest 
exerts a downward force equal to its own weight. The weight 
of a cubic foot of sea water is about 64 pounds. Your 
imaginary cubic foot of water is applying its downward force 
over an area of one square foot. Then whafs the pressure at 
a depth of one foot? It’s 64 pounds per square foot. 

If you use the same reasoning, you can see that the pres¬ 
sure at a depth of 2 feet is 128 pounds per square foot; at 10 
feet it’s 640 pounds per square foot. 

As you know, the depth mechanism of the torpedo includes 
a flexible diaphragm. On one side it’s backed up by spring 
pressure; on the other side it’s open to the sea. As the torpedo 
sinks deeper in the water, the pressure on the diaphragm 
increases, and it moves inward against the resistance of the 
spring. As the torpedo rises the pressure decreases, and the 
spring pushes the diaphragm outward. Thus the exact posi- 
tion of the diaphragm depends on the depth of the torpedo 
below the surface. If the torpedo is not running at the 
proper depth, the diaphragm sends corrective orders to the 
depth engine. 

Now imagine an empty can, of exactly one cubic foot. 
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Let’s say that you push the can under water until its top is 
exactly one foot below the surface. Since matter is impene- 
trable, you’11 have to push aside one cubic foot of water in 
order to submerge the can. What’s the pressure on the top 
of the can? At a depth of one foot, the pressure is 64 pounds 
per square foot. And on the bottom? At a depth of 2 feet, 
the pressure is 128 pounds. The pressure on the bottom of 
the can is 64 pounds per square foot more than the pressure 
on the top of the can. Since the bottom of the can has an 
area of one square foot, the water exerts a net upward force 
on the can of 64 pounds. That’s exactly equal to the weight 
of the water you had to push aside in order to submerge 
the can. 

Figure 3-1 shows two metal spheres—one of aluminum and 
one of cast iron. Both have a diameter of 10 inches. Each is 
suspended from a spring scale. When you submerge the 
spheres in water, the scales show that they weighless. That’s 
just what you’d expect. 

But how much less? If you subtract the weight of the 
submerged aluminum sphere from its weight in air, you’11 
see that it weighs 18.9 pounds less under water. Do the same 



Fisure 3-1.—Buoyancy depends on volume. 
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thing for the iron sphere, and you’ll find that it too loses 18.9 
pounds. Why? Submerging the spheres can’t change their 
mass or density. Water exerts an upward force on all sub- 
merged objects. We call that force buoyancy. 

Why should the water exert the same upward force on two 
spheres of very different weight? You saw that the upward 
force on the empty can was equal to the weight of the water 
it displaced. The same thing is true of any submerged body. 
Each of the spheres in figure 3-1 will displace a 10-inch sphere 
of water. You can easily calculate the weight of a 10-inch 
sphere of water. It comes out to 18.9 pounds. (The volume 
of a sphere is 4/37rr 3 ; assume that this is fresh water, which 
weighs about 62.5 pounds per cubic foot.) 

When the spheres are under water, they are buoyed up by a 
force equal to the weight of the water they displace. As you 
can see, buoyancy has nothing to do with the weight of the 
submerged object; it depends only on the volume of water 
that object displaces. 

Now let’s suppose that you ha ve a 10-inch sphere of wood, 
weighing 15 pounds. (That would be about right for yellow 
pine.) If you submerge this sphere in water, the water will 
exert an upward force of 18.9 pounds. That’s more than 
the weight of the wooden sphere. So of course it will rise to 
the surface, and float with part of its volume in the air. 
How much of the floating 15-pound sphere of wood will be 
under the surface? The answer is easy: enough of it to dis¬ 
place exactly 15 pounds of water. 

For convenience we can recognize three different states 
of buoyancy: 

Positive Buoyancy, when the weight of the body is less 
than the weight of an equal volume of the displaced fluid. 
The wooden sphere is in a state of positive buoyancy, so it 
floats. 

Negative Buoyancy, when the weight of the body is more 
than the weight of an equal volume of the displaced fluid. 
The two metal spheres are in a state of negative buoyancy; 
if you disconnect them from the scales they’11 sink to the 
bottom. 
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Neutral Buoyancy, when the weight of the body is 
exactly equal to the weight of an equal volume of the fluid. 
Such a body would neither fioat to the top nor sink to the 
bottom. It would stay where you put it in the fluid, until 
it was acted on by some outside force. 

When you fire a war shot torpedo, it’s in a state of negative 
buoyancy. The torpedo weighs more than the water it dis- 
places. Without its depth mechanism and depth rudders, 
it would begin to sink as soon as you fired it. If the torpedo 
misses its target, it will sink to the bottom at the end of its 
run. 

When you fire an exercise shot, you want it to have the 
same negative buoyancy as a war shot, so it will have the 
same running characteristics. You will earefully control the 
weight of the exercise torpedo by pouring a measured amount 
of liquid ballast into its head section. 

At the end of an exercise run the head blows, and forces 
the liquid ballast into the sea. Without its liquid ballast, 
the torpedo weighs less than an equal volume of water. It’s 
in a state of positive buoyancy, and it floats. 

HYDRAULICS 

Hydraulics is the study of fluids in motion. A fluid is 
anything that will flow—it includes both liquids and gases. 

You will be working with at least two different hydraulic 
mechanisms: the power drive mechanism on above-water 
trainable torpedo tubes, and the hydraulic Controls of depth- 
charge release tracks. In the tube mount, the hydraulic 
fluid is oil; in the track Controls it’s a mixture of alcohol, 
glycerine, and water. The same basic principies apply to 
ali liquids in motion. 

The usefulness of a hydraulic mechanism depends on two 
special properties of liquids. First, liquids are practically 
incompressible. That means simply that you can’t reduce 
the volume of a liquid by applying pressure to it. The 
second property is a resuit of the first. If the liquid is con- 
fined in a closed system, so that it can’t escape, any pressure 
you apply to the liquid at one point will be transmitted 
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equally throughout the system. For example, if you apply 
pressure to the liquid at one end of a long pipe, the liquid will 
immediately transmit that pressure to every point in the 
pipe. If you want to apply a force at one point, and have 
it do work at a distant point, the hydraulic system has an 
outstanding advantage over a mechanical linkage. The hy¬ 
draulic system will instantly transmit your force to the dis¬ 
tant point, without lost motion or friction. 

Since any pressure you apply to a liquid in a closed system 
is transmitted equally in all directions, we can use a hydraulic 
system to get an increase in force. Figure 3-2 shows how 
it works. 



Fisure 3-2.—Pressure transmitted to a larger area. 

The area of the small piston, in the left-hand cylinder, is 
one square inch. If you apply a downward force of one 
pound on this piston, the liquid will immediately transmit a 
force of one pound per square inch to every point in the 
system. The area of the large piston, in the right-hand 
cylinder, is 10 square inches. And you have an upward 
force of one pound on each square inch of it. Then the total 
upward force on the large piston is 10 pounds. The system 
has multiplied your force by 10. (But don’t imagine that 
you’re getting something for nothing.) The large piston 
moves only one-tenth as far as the small one. The work 
(force times distance) has not been increased. 
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STATIC ELECTRICITY 


We’ll barely touch on electricity here; we’ll give it a whole 
chapter in volume 2. 

If yonr car has nylon or plastic seat covers, youVe probably 
had some personal experience with static electricity. On 
a cold dry day, if you slide across the seat, get out of the car, 
and then touch the door handle, you , ll get an uncomfortable 
shock. If it’s dark, you can see a spark leap from the door 
handle to your fingers. 

To understand why, we’ll ha ve to take a closer look at the 
atom. According to present theory, ap atom consists of a 
nucleus at the center, and a mrniber of electrons at some 
distance from the center. The electrons move about the 
center in orbits. The atom has been compared to a miniature 
solar system; the electrons revolve about the nucleus in much 
the same way as the planets revolve about the sun. 

Electrons, as you know, have a negative electrical charge. 
And the nucleus has a positive charge. Since the revolving 
electrons develop a centrifugal force, what keeps them from 
flying away from the nucleus? Unlike electric charges at- 
tract each other. Since the electrons and the nucleus have 
opposite charges, the electrical attraction between them 
holds the electrons in their orbits, just as gravity holds the 
planets in their orbits around the sun. 

Not ali of the electrons are tightly attached to the atom. 
It’s sometimes possible to remove one or more of those in the 
outer orbits. In a normal atom, the number of positive 
charges in the nucleus is just equal to the number of elec¬ 
trons; the atom as a whole has no charge. If you remove 
an electron from the atom, you’11 leave it with a positive 
charge. If you add an extra electron, you’11 give the atom 
a negative charge. 

Now let’s get back to your nylon seat covers. As you 
slide across the seat, the nylon wipes some of the loose 
electrons off the seat of your pants. That leaves you with 
less than the normal number of electrons. Your body has 
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a positive charge. And the car has more than the normal 
number of electrons. It has a negative charge. 

Remember that unlike charges attract each other. When 
you reach for the door handle, your positively charged 
fingers have a strong attraction for the extra electrons on the 
car. These extra electrons will leap to your hand, and the 
spark will sting your fingers. 

The shock is less uncomfortable if you first touch the door 
handle with your ignition key, instead of your fingers. The 
extra electrons will stili flow through your hand, but you’11 
avoid the sting of the spark. 

If you touch the handle with a glass rod instead of the 
ignition key, nothing will happen. Your body will keep its 
charge, and you’11 stili get a shock if you touch the door. 
From this you can see that some objects, such as ignition keys, 
will carry a flow of electrons. And other objects, such as 
glass rods, will not. 

That’s all the electricity you need to know for now. Vol- 
ume 2 of this course goes on from here. 
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QUIZ 


1. What is the difference between weight and mass? 

2. Define “density” and “specific gravity” in as few words as possible. 

3. A certain aluminum alloy has a density of 175 pounds per cubic 
foot. What is its specific gravity? 

4. Which of these substances are Chemical elements: brass, wood, 
oxygen, water, copper, tin, salt, beer, scrambled eggs? 

5. Name the three States of matter. How can you change a sub- 
stance from one state to another? 

6. Let’s say that if you try to push a car, you’11 need 50 pounds of 
force to overcome friction and keep the car moving. If you push 
this car with a steady force of 100 pounds, will the car stand 
stili, move at a steady speed. or move with a constantly increasing 
speed? 

7. State the law of inertia in your own words. What part of the 
torpedo depends on the principle of inertia? 

8. Define these terms briefly: pressure, work, energy, power. 

9. If a 150-pound man. carries a 50-pound weight up a ladder 10 
feet high, how much work does he do? 

10. A inule, using a rope and pulley, lifts a 200-pound bale of hay 
through a distance of 15 feet in 5 seconds. At approximately 
what horsepower is he working? 

11. Which of these are Chemical changes: 

(a) water freezes 

(b) milk sours 

(c) gasoline evaporates 

(d) wood burns 

(e) solder melts 

12. (a) If you increase the pressure of gas in a closed Container, 
how does that affect its temperature? (b) If you increase the 
temperature of gas in a closed Container, how does that affect its 
pressure? 

13. When a sub marine is submerged to a depth of 1,000 feet, what is 
the approximate pressure on its hull? 

14. In air, a certain piece of metal weighs 444 pounds. When sub¬ 
merged in sea water, its weighs only 380 pounds. Calculate its 
volume and density. 

15. In what state of buoyancy is an air-steam torpedo: 

(a) at the moment of launching 

(b) after the head blows 

16. What two special properties of liquids do we make use of in a 
hydraulic machine? 
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USE OF TOOLS AND BLUEPRINTS 

Aimost ali your duties as a Torpedoman’s Mate are 
mechanical. To a large extent, your skill in your rating can 
be measured by your skill in the use of tools. WeVe given 
the subject two whole cliapters. In this chapter, we describe 
some of the common tools that you might find in any shop. 
In chapter 5 we’ll take up the tools that BuOrd has issued 
especially for torpedo maintenance and overhaul. At the 
end of this chapter is a short discussion of shop drawings and 
blueprints. 

The subject of tools could easily fili a whole book; this 
chapter isn’t much more than an introduction. For more 
complete information, read the Navy Training Courses 
Basic Hand Tool Skilis, NavPers 10085, and Blueprint 
Beading , NavPers 10077. 

If you’re a beginner in shop work, use this chapter as an 
introduction to the Basic Training Courses on tools and 
blueprints. If you’re already a skilled mechanic, you may 
find this chapter uscful for a quick review. 

The old saying “a place for everything and everything in 
its place” makes a good rule for the torpedo repair shop. 
You canT do an efficient, fast repair job if you have to stop 
and look around for each tool you need. Keep each tool 
in its place. When vouVe finished with it, don’t put it 
back until youVe checked it for dirt and rust. You’11 do 
better work, with less effort, if you keep your tools in good 
shape and use them only for the jobs they’re intended to do. 
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We don’t ha ve to remind you that you can’t become a 
skilled mechanic just by reading a book. The descriptions 
and rules in this chapter can’t do any more than give you 
a start. Your top skill will come only after long and careful 
practice. 

HAND TOOLS 
Hammers and Mallets 

Figure 4-1 shows some of the hammers that mechanics 
use. Metal-headed hammers are usually classed according 
to the weight of the head, without the handle. 

You may occasionally use a soft-faced hammer, with a 
pounding surface made of wood, brass, lead, rawhide, hard 



Figure 4-1.—Hammers. 
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rubber, or plastic. Soft-faced hammers are made for shaping 
soft metals. Don’t use them for rough work. If you use one 
for striking punch heads, bolts, or nails, you’11 ruin it quickly. 

A mallet is a hammerlike tool with a head made of 
hickory, rawhide, or rubber. It’s handy for shaping thin 
metal parts without denting them. When you pound a wood 
chisel or a gouge, always use a wooden mallet. 

When you use a hammer or a mallet, pick out the one that’s 
best suited to the job. Make sure its handle is tight. 
When you strike a blow with a hammer, use your forearm as 
an extension of the handle; swing by bending your elbow, not 
your wrist. And strike the work squarely with the full face 
of the hammer. 



Figure 4-2.—Types of screwdrivers. 
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Screwdrivers 

Schewdrivers are made to turn slotted screws, and for 
no other purpose. Figure 4-2 shows several different types 
of screwdrivers. Pick one as nearly as possible the same 
width as the screw you want to turn.* Be sure the blade 
fits snugly in the slot. If you use a screwdriver of the wrong 
size you’11 cut and burr the screw, and make it worthless. 
When you turn a Phillips screw (the kind with the crossed 
slots), use only a Phillips screwdriver, and be sure it’s the 
right size. 

The Allen screwdriver (not shown in the figure) has a, 
hexagonal point, which fits the hexagonal socket of Allen 
screws. Allen screws come in a number of sizes. Be sure to 
use a screwdriver of exactly the right size. 

Don’t try to use a screwdriver for a pry or a chisel. And 
don’t use a screwdriver to check an electric circuit. An 
electric arc will burn the tip and make it useless; it may even 
fuse the blade to a part of the circuit you’re trying to check. 

When youVe using a screwdriver, hold the work in a vise, 
or rest it on the workbench. Don’t hold it in your hand; the 
screwdriver might slip and give you a deep, nasty cut. 

Pliers and Plier-type Cutting Tools 

Pliers come in many shapes and sizes. Figure 4-3 shows 
several different kinds. 

The combination pliers are handy for holding or bending 
flat or round stock. Near the hinge are blades for cutting 
wire. The long-nosed pliers are less rugged, and will break 
easily if you use them on heavy jobs. Needle-nose pliers 
are especially useful for holding small objects in tight places, 
and for making delicate adjustments. The round-nosed 
kind are handy when you need to crimp sheet metal, or form 
a loop in a wire. 

Here are two important rules for using pliers: 

1. Don’t make pliers work beyond their capacity. The 
long-nosed kind are especially delicate. It’s fairly easy to 
spring or break them, or nick their edges. After that* they’re 
practically useless. 
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Fi$ure 4-3.—Pliers. 

2. Don’t use pliers to turn nuts. In just a few seconds, a 
pair of pliers can damage a nut more tlian years of service. 

Punches 

Figure 4-4 shows several types of punches. Their names 
explain what they’re used for. 

When you use a punch, there are two things to remember: 

1. When you hit the punch you don’t want it to slip side- 
ways over your work. 

2. You don’t want the hammer to slip off the punch and 
strike your fingers. 

You can eliminate both these troubles by holding the punch 
at right angles to the work, and striking it squarely with your 
hammer. 

Vises 

A vise is a tool for holding your stock while you work on 
it—while you’re hacksawing, filing, drilling, tapping, ream- 
ing. Figure 4-5 shows two typical vises. 

Here are the things to remember when you use a vise: 

1. Don’t use your vise for an anvil, if you can help it. If 
you have to pound stock while it’s in the vise, pound against 
the back jaw. It’s heavier and stronger than the front one. 

2. When you tighten or loosen the vise, grasp the handle 
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PRICK PUNCH 



STARTIN6 PUNCH 


PIN PUNCH 



ALINfNO PUNCH 



HOLLOW SHANK GASKET PUNCH 

Figure 4 - 4 . —Punches. 


in your hands and apply the weiglit of your body to get the 
force you need. But don’t pound on the handle. A vise 
uses a long worm gear to draw the jaws together. If you 
pound the handle, it may break or bend the worm gear. 

3. Unless you’re working with rough stock, always use the 
soft-jaw inserts. You can make them of copper, brass, or 
lead. The jaws of the vise itself are hard and sharp. They’11 
cut and mar your stock unless you use the soft-jaw inserts 
to protect it. 

Wrenches 

Figure 4-6 shows some of the wrexches youTe likely to 
use. 
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Most wrenches ha ve just one purpose: to turn bolts, nuts, 
and studs. Remember these points: 

1. Don’t use a wrench as a hammer. Wrenches aren’t 
made to take a beating. 

2. Use a wrench that fits snugly on the object you want 
to turn. If the wrench fits loosely, you’11 round off the 
coriiers of the bolt or nut, and then you’11 have a hard time 
removing it. 

3. When you use an adjustable wrench (like the monkey 
wrench and Stillson), pull the handle toward the opening of 
the jaws. If you push the other way, you’11 spring the jaws. 

Box-end wrenches are handy when you have to work in 
close quarters. They completely surround the bolt or nut. 
Some of them have six inside faces. But most of them have 
12 notches, like the one in figure 4-7. 

A box-end wrench has several advantages over an open- 
end wrench. There’8 very little chance that a box-end 
wrench will slip off the bolt or nut while you’re turning it. 
It can’t “spread” on the nut and round off its corners. And 
because the sides of the box opening are thin, you can use it 
for turning nuts that are hard to get at with an open-end 
wrench. 



Figure 4-5.—Vises. 
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ADJUSTABLE NUT WRENCH 

Figure 4-6.—Type* of wrenches. 



Fi$ure 4-7.—1 S-point box-end wrench. 
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Hacksaws 

You use a hacksaw for sawing metal. Figure 4-8 shows 
the two different kinds of hacksaw frames; the saw at the 
top of the picture has a pistol-grip handle; the other one has a 
straight handle. Most hacksaws, like the pistol-grip saw in 
figure 4-8, are adjustable to take blades of various lengths. 



Figure 4-8.—Hacksaws. 


A hacksaw blade is mado of hardened steel; it will cut any 
common metal except another piece of hardened steel. The 
frame that holds the blade is deep enough to let you cut 
through any ordinary thickness of metal. The coarseness of 
the blade is designated by the number of teeth per inch. 

The blades should be well strained in the frame, with the 
rake of the teeth away from the handle. When you use a 
hacksaw, bear down on the forward stroke, so the blade will 
cut. Ease up the pressure on your return stroke, and be 
careful not to bend the blade sideways. To saw quickly 
without tiring quickly, keep up a steady pace of about 50 
strokes a minute. Figure 4-9 shows the right and wrong 
way to begin a cut. 

You’11 need some practice before you can judge how much 
pressure to put on the saw. If you try to force it by using 
too much pressure you won’t saw any faster, and you’11 
quickly dull the saw teeth. On the other hand, you can 
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dull the blade by using too little pressure on your first cut, 
especially on iron and steel. Why? Because iron and steel 
stock is usually covered with a thin scale of rust, much harder 
than the metal itself. You’11 have to cut through the scale 
on your first cut. If you just push the teeth over the scale 
without cutting through it, you’11 ruin them. 



Fisure 4-9.—Starting hacksaw cut». 


Use a fine blade for light or soft metal. Be sure the blade 
is fine enough so that at least two teeth will rest on the work 
at all times. For example, if you’re cutting stock %6-inch 
thick, use a blade with at least 32 teeth per inch. If you 
use a coarser blade, the teeth will probably break. Remem- 
ber, when you’re sawing tubing, to go by the thickness of 
the tube wall, not by the thickness of the tube. 

Chisels 

A chisel is a hard-steel cutting tool; ycu can use it for 
cutting or chipping any metal softer than the chisel itself. 
The size of a chisel is the width of its cutting edge. Figure 
4-10 shows four different kinds of chisels. 
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Figure 4-10.—Chisels. 


For most metal-cutting work you’11 use a flat cold chisel. 
Use a cape chisel for cutting keyways, and for working in 
narrow grooves and channels. Use the diamond-point 
chisel for grooving in close places you can’t reach with the 
cape chisel. The round-nosed chisel, or gouge, is used for 
cutting oil grooves in bearings, and for chipping out broken 
bolts from machinery or broken pipes from fittings. 

When you use a chisel, hold it firmly in one hand by 
wrapping your fingers around it. With the other hand, 
strike the chisel head squarely with a ball-peen hammer. 

Notice the neatly ground heads on the chisels in figure 4-10. 
After repeated pounding, the heads will begin to spread out 
into a mushroom shape. A spread-out head is rough and 
sharp, and it will “ream out” the inside of your hand if 
the chisel slips. So grind off the mushroom as soon as it 
begins to form. 

Like ali hard-steel tools, chisels are fairly brittle. If you 
use a chisel for a pry or a hammer, or if you strike it on its 
side, it will probably break. 

Files 

A file is a cutting tool with a number of cutting edges or 
teeth on its surface. Figure 4-11 names the parts of the 

65 


Digitized by v^ooQle 












file. Figure 4-12 shows files of various shapes in cross section. 

Figure 4-11 doesn’t show the file handle. Never use a 
file unless it lias a tight-fitting handle. If you use a file 
with no handle, and it hits something solid on its forward 
strokc, tlic tang can dig a nasty hole in the palm of your 
liand. 



HALFROUNO MILL FLAT 

Figure 4-12.—Shapes of files. 


Files are named both by their shape and size, and by their 
cut. The word cut refers both to the kind of teeth and to 
their coarseness. The cut of files is divided, according to 
the kind of teeth, into single, double and rasp cut. It*s 
divided according to coarseness into smooth, second cut, 
and bastard. (There are a few files coarser tlian bastard; 
they’re called coarse, or rough. And there are a few 
finer tlian smooth; they’re called deadsmooth.) Figure 4-13 
shows the difference between single cut and double cut, and 
betwcen the three principal grades of coarseness. 

Kits of small files, often called swiss pattern files, are 
made for work on delicate instruments. Each kit includes 
eight or more assorted sizes and shapes. These files are 
thin and brittle, and easy to break. 

Be sure to pick the right file for the work you’re doing. 
For a quick coarse cut, use a rough or bastard file. For 
smoother or more delicate work, use a finer file. 
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Don , t use a new file on new cast iron or steel. You already 
know the reasons; the scale on new iron and steel is very 
hard, and will quickly dull yxrnr file. And don’t use a coarse 
toothed file on thin stock. Remember that you have to 
have at least two cutting teeth on the stock at all times. 
If you have to file lead or solder, use an old, coarse file that 
isn’t good for anything else. (It^s almost impossible to 
clean lead out of file teeth.) 


SINGLE CUT 



BASTARD SECONDCUT SMOOTH 



BASTARO SECONDCUT SMOOTH 

DOUBLE CUT 
Figure 4-13.—Gradei of file teeth. 


When you’re filing, use just enough pressure on the forward 
stroke to make it cut. Don’t use any pressure at all on the 
return stroke. On the forward stroke, the body of the 
file supports the teeth. But on the return stroke, the teeth 
are unsupported. If you bear down on the return stroke, 
you may break the teeth. 

Hold the file in both hands, with the point between the 
thumb and forefinger of your left hand (if youYe right- 
handed.) Hold the handle in your right hand with your 
thumb resting along the axis of the file. On flat work, be 
sure to keep the file parallel to the surface. And keep the 
pressure the same on both ends of the file. A beginner’s 
most common mistake is to file with a rocking motion, and 
round off the corners of his work. 
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When you’ve finished the job, clean your files with a file 
card. Thafs a small, stiff wire brush. A dirty file cuts 
slowly, and may cause pinning —scratching the work with 
the small pieces of metal that stick between the file teeth. 

Don’t use oil on a file, or on the work you are filing. (It 
causes pinning.) And of course a file is extremely hard, so 
it’s much too brittle to use for prying or pounding. 

Drills 

Figure 4-14 shows four types of twist drills, all of them 
suitable for drilling holes in metal stock. You’11 find the 
straight-shank drills most useful. They are the only kind 
that fit in most hand drills, portable drills, and small drill 
presses. They are suitable for holes up to a half inch in 
diameter. For larger holes, the taper shank drill with the 



TAPER SHANK 



SQUARE SHANK 
<USED IN BRACE) 

Figure 4-14.—Types of twist drills. 
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tang is more suitable. The square shank drill fits in a brace. 
But since a brace tends to wobble when you’re trying to 
drill metal, you won’t find much use for it. 

Twist drills usually have two flutes, or grooves, running 
around the body of the drill. When you’re drilling, the chips 
follow the flutes out of the hole. The point of a twist drill 
must be very carefully ground. If it’s dull, or has the 
wrong shape, you’11 work a lot harder than you need to. 
And you’11 tura out a sloppy job besides. 

Grinding drills by hand is an art you can’t learn from 
books. The point must have exactly the right shape, and 
it must be ground to an angle of exactly 59 degrees with the 
drill axis. Ask an experienced machinist to show you how 
it’s done. Then ask him to watch you while you practice. 

When you grind a drill, support it on the tool rest of your 
grinder, and move it slowly back and forth across the face 
of the wheel. That will keep the irregularities on the wheel 
face from affecting the straightness of your cutting edge. 
Grind slowly, and dip the drill frequently in water to cool it. 
(If you overheat hardened Steel you’11 soften it so that it 
can’t hold an edge.) 

Twist drills are made of two different materials: carbon 
steel, and high-speed steel. The high-speed drills are 
more expensive, but they keep their hardness even when 
they’re red hot. Use a high-speed drill for very hard metals, 
such as stainless steel. You can use carbon steel for softer 
metals. But be sure to flood the drill tip with oil, so it 
won’t get too hot. 

Twist drills come in many sizes. They^e classified, 
according to size, by three different systems: 

1 . Fractional Sizes: % 4 inch to 1 inch, by 64ths. 

2. Number Drills: No. 1 (0.228 inch) to No. 80 (0.0135 
inch). 

3. Letter Drills: A (0.234 inch) to Z (0.413 inch). 

If the size number has worn off of the shank of a numbered 
drill, you can check its size with a drill gage like the one 
in figure 4-15. 

You can check the fractional drills in a drill stand, and 
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you can measure any drill with a micrometer. Be sure to 
measure between the cutting edges at the drill tip; the di¬ 
ameter of the shank is usually a little smaller than that of the 
cutting edges. 

When you want to enlarge a hole youVe drilled, use a 
reamer. A reamer is a fluted tool with a cutting edge on 
each flute. Use a taper reamer to enlarge a hole that goes 
alUthe way through your work. If the hole doesn’t go ali 
the way through, use a straight reamer, or a bottoming 
reamer. 

Reamers are usually more accurate than drills. If you 
have to make a hole of an exact diameter, drill it a little 
undersize, and then ream it to the diameter you want. 

To drill a hole inch or less in diameter, you can use a 



Figurc 4-16.—Hcxnd drill and breasft drill. 
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hand drill. The breast drill will take drills up to % inch. 
Figure 4-16 shows both the hand drill and breast drill. 

When you’re using one of these drills, hold it as steady as 
possible, and turn the crank at a moderate speed. Use 
enough pressure to keep the drill point cutting at ali times. 
(It dulls much more quickly when it turns without cutting.) 

Taps and Dies 

Taps are the tools you use to cut internal threads, and 
dies are the tools you use to cut external threads. They’re 
both shown in figure 4-17. 

The three kinds of taps each serve a different purpose- 
The tapered tap is the most common; it cuts easily because 
it’s tapered at the starting end. Use a tapered tap whenever 
you can run it ali the way through the work. 

If you can’t run the tap ali the way through, use a plug 
tap. It’s tapered too, but not as much as the tapered top. 
If you want full-diameter threads ali the wav to the bottom 
of the hole, follow the plug tap with a bottoming tap. 

When you start to cut inside threads, be sure to hold the 
tap at right angles to the surface, so the threads will be 
exactly square with the face of the work. 

There are several kinds of wrenches for turning taps. 
Most of them are adjustable to several sizes of tap squares. 
Don’t use too big a tap wrench, and don’t apply too much 
force to its handle. Taps are hard and brittle, and the 
smaller ones are easy to break. If you break off a t*>p in 
a hole, you’11 have a tough time getting it out again. 

When you find that you have to use a lot of force to turn 
a tap, stop turning and back off about a quarter turn. Tlien 
turn the tap into the hole again. When you use a bottoming 
tap, you’11 have to back it completely out of the hole several 
times, so you can shake out the chips. 

Dies are the tools you use to cut outside threads. The 
tool that holds them is called a die stock. Dies are made 
in two general forms: The split die is adjustable, so you 
can make your threads Standard, undersized, or over- 
sized. The round die cuts only Standard threads. 
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SPLIT DIE 

(SCREW ADJUSTMENT) 



DIE STOCK 



ADJUSTABLE 
DIE PARTS 
(FOR LARGER SIZES) 


DIE 


COLLET 


GUIDE 

STOCK TO BE 
THREADED 



TAPER 



PLUG 




TAP WRENCH 


BOTTOMING 

Figurc 4-17.—Taps and dies. 


You ean get taps and dies for either right-hand or left-hand 
threads. 


Thread Chasers 


The thread chaser is a hand} 7 tool for removing dirt, 
eorrosion, and burrs from threaded parts. As you can see 
in figure 4-18, there are two basic types—one for inside 
threads and one for outside threads. Be sure to use the 
right type, and carefully cheek the thread size before you 
use it. 
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FOR INSIDE mm 
THREADS 


FOR OUTSIDE 
THREADS 


Figure 4-18.—(a) Types of thread chasers. (b) Reshaping inside threads. 
(c) Reshaping outside threads. 
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Gear Puller 

Whon a gear or segment is secured to a shaft by a kev, it 
will often be hard to remove. Don’t try to pry it. off or 
pound it off. The only tool to use is a gear puller. 


Fisure 4-19.—Removing a gear from a shaft wifth a gear puller. 
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Figure 4-19 shows how to use it. Since it excrts an equal 
pressure on both sides of the gear, it can’t bend the shaft. 

SOLDERING, SWEATING, AND BRAZING 

Soldering, sweating, and brazing are three different ways 
to join metal objects to each other. In all three of these 
techniques you join the two objects by melting a filler metal 
and flowing it into the joint, then allowing it to cool and 
harden. And of course the melted metal—the solder or 
brazing compound—must have a lower melting point than 
either of the objects you’re joining. 

Figure 4-20 shows the working parts of an electric soldering 
“iron.” (Actually, it’s made of copper.) When an electric 
current passes through the coii, it heats the copper tip. 



<T/1J a— 


Figure 4-20.—Electric soldering copper (disassembled). 


Soldering is a handy way to join two metal articles: to 
close a seam in a tank, or to make an electrical connection. 

Solder rhymes with fodder; the “1” is silent. It’s an alloy 
of two or more metals, and it usually has a low melting point. 
The solder you’11 use most often is a mixture of tin and lead. 

When you solder a metal joint, apply your soldering copper 
to the work (not to the solder). Let it heat the metal hot 
enough to melt the solder. Then apply solder to the joint 
(not to the soldering copper). Let the solder flow into the 
joint. Then remove the soldering copper, and let the joint 
cool until the solder is hard. 

Use a soldering copper that’s big enough for the job youTe 
doing. Metal is a good conductor of heat; it will draw heat 
rapidly from the soldering copper. If you use a small copper, 
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you’11 never heat a big piece of metal to the melting point of 
solder. (For large work you can use a blowtorch instead of 
a soldering copper to heat the metal.) 

Before you solder, scrape or sand off all the dirt, grease, 
rust, or tarnish. Since some metals oxidize rapidly, you’11 
find the job easier if you use a flux to carry off the dirt and 
prevent oxidation. If you use rosin-core solder, you have a 
built-in flux. If you use solid solder, you can make a flux 
by dissolving rosin in alcohol. Apply a little flux to your 
joint before you heat it. Don’t use pastes or acids for a flux 
(especially on electrical connections). Theyll eventually 
cause corrosion. 

The low-melting-point solders are soft, and rather weak. 
Don’t depend on them to hold your joint together. Make 
a mechanically strong joint first, and then use solder to 
close the seam. If you’re making an electrical connection 
between two wires, don’t expect the solder to hold them 
together for you. First clean the wires, and then splice 
them into a firm joint. The only function of solder on the 
connection is to lower its electrical resistance. 

Before a soldering copper can heat your work rapidly 
it must be “tinned”, or covered with a thin film of solder. 
Tin a new copper before you use it. The coating will grad- 
ually burn off, so tin it again from time to time. Here’s how 
it's done: 

On a brick of sal ammoniac (ammonium chloride), put 
a few scraps of solder and a little rosin. Now, while the 
copper is stili cold, file or sand each face of the tip until it’s 
bright. Then turn on the current. As the copper heats up, 
test it from time to time by pressing a thin strip of solder 
against it. As soon as the solder begins to melt, wait 10 or 
15 seconds and then shut off the current. (If you heat the 
copper until its surface begins to change color, it’s too hot. 
Let it cool, and then start over.) 

As soon as you turn off the current, rub each face of the 
copper tip in the solder and rosin on the sal ammoniac 
brick, until the tip is covered with a coat of solder. 
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Here’s an important precaution: Never solder a can or 
a tank that’s been used for gasoline, alcohol, or any other 
combustible liquid, until you’ve steamed it for several hours 
to drive out any combustible fumes. 

Sweating 

Sweating is just another form of soldering. In sweating, 
you first tin the contacting surface of the two objects you’re 
going to join. Apply plenty of flux to one or both surfaces. 
Put the two objects in contact—under pressure if possible— 
and “sweat” them together by heating them with a large 
soldering copper or a blowtorch. 

Fittings, lugs, and electrical terminals are easy to sweat 
on if the contacting parts are well tinned first. The strength 
of a sweated job depends on the fit and cleanliness of 
the pieces joined. 

Brazing 

Brazing is the technique you use when you need a stronger 
joint than you can get by sweating or soldering. We don’t 
think you’11 do much brazing in the torpedo repair shop. 
But if brazing is necessary, get an experienced man to show 
you how. The process is too tricky to learn from a book. 
All we can give you here is an introduction. 

In its basic principle, brazing is just like soldering: you 
join two metal objects by melting another metal—with a 
lower melting point than the objects you’re joining—and 
letting it flow into the joint and harden. Here’s the big 
difference: in soldering, the filler metal is soft and rather 
weak, and has a low melting point (about 400 degrees F.) ; 
in brazing, the filler metal is harder and stronger, and has 
a high melting point (1,100 to 1,800 degrees F.). 

In brazing, the filler metal is called spelter. Although 
its melting point is high, compared to that of solder, it 
must be lower than that of the metals you want to join. 
For brazing iron or steel parts, you usually use a brass or 
bronze rod. You can also use silver solder—an alloy of 
tin, zinc, and copper. It has a lower melting point than 
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brass or bronze, but it isn’t as strong. For a flux you use 
powdered borax, or one of the special commercial fluxes 
on the market. 

To braze two objects together you clean the two joining 
surfaces, and cover the joint with flux. You heat the two 
parts above the melting point of the filler metal, and then 
flow the filler into the joint. But because the melting point 
of the spelter is high, you can’t use a soldering copper or a 
blowtorch to heat the joint. You have to use an acetylene 
torch. A rated Metalsmith, if you can find one, will probably 
be glad to show you how it’s done. 

POWER TOOLS 
Portable Power Drills 

The portable power drills are the power tools youYe 
most likely to use. Figure 4-21 shows both electric and 
air drills. 



Figure 4-21.—Portable electric and air drills. 

You use a power drill just as you would a hand drill, by 
mounting a twist drill in its chuck. Power drills are classified 
by their power, which ranges from % HP to 1 HP or more, 
and by the diameter of the largest drill you can mount 
in the chuck. 

The portable air drills are operated by compressed air. 
You can control the speed and air pressure to suit the job. 
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The two air drills shown in figure 4-21 are especially useful 
for high-speed drilling with small drills on light work. For 
a hole % inch or more in diameter, you would need a heavy- 
duty drill. 

In the electric drills, the chuck shaft is geared to the 
motor shaft. Small drills usually operate at high speed; 
the larger drills are geared down so that the chuck turns 
more slowly. Be careful not to overload an electric drill. 
If the motor stalls, it will burn out in a very short time. 
If your drill grabs and stalls, switch off the power immediately. 

You can also use the portable power drills for grinding, 
wire brushing, polishing, and buffing. You mount these at- 
tachments on a special arbor, which you can secure in the 
chuck just as you would a twist drill. 

Bench Grinder 

A Bench Grinder, like the one in figure 4-22, usually 
mounts two wheels of the same diameter and bore. One 
wheel is coarse, for rough grinding; the other is finer, for 
smooth grinding and tool sharpening. 



SAFCTY-TYPC BENOH GRINDER WHEEL 

Figure 4-22.—Bench grinder; mounting a wheel. 

Use your bench grinder to sharpen tools, to dress screw- 
drivers, and to shape and smooth metal stock. Keep a 
Container of water handy. When you’re sharpening a tool, 
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dip it frequently in the water to cool it. (Remember: if it 
gets too hot it will lose its hardness, and then it won’t hold a 
cutting edge.) 

The grinding wheels vary from % to 1 inch in thickness, 
and from to 1 inch in bore. They’re usually 6, 8, or 10 
inches in diameter. The right-hand part of figure 4-22 
shows how to mount the wheel on the shaft. 

Here are some safety precautions: Keep the tool rest close 
to the grinding wheel—not more than Ke inch from the wheel 
face. When you first switch on the power, stand to one side, 
out of the plane of the wheels. (A cracked wheel will some- 
times fly apart violently when the power is switched on. 
For the same reason, never use a wheel that has been 
dropped.) Use the safety shields; they're there to protect 
you from flying particles of stone and metal. And never 

USE A BENCH GRINDER UNLESS YO^RE WEARING SAFETY 
GOGGLES. 


Drill Press 

Figure 4-23 shows a drill press —the kind you mount on 
a workbench. (The other kind has a longer column, and 
rests on the deck.) 

Whenever you want to do a neat job of drilling, especially 
on heavy work, use a drill press. You can clamp your work 
to the working table, and drill the hole at any angle you want. 
You can control the speed of the drill by changing the position 
of the belt on the motor and spindle pulleys. 

Here are three important precautions: 

1. Always use the proper speed for the work youYe doing: 
the harder the metal youVe drilling, or the bigger the hole, 
the slower the drill speed. 

2. Always take the chuck key out of the chuck before you 
start the motor. If you don’t, the chuck will throw the key. 
If the motor is set for high speed, it will throw the key hard 
enough to do serious damage to anything it hits, including 
you. 

3. Use C-clamps to secure your work firmly to the working 
table. Or hold the work in a drill press vise, and clamp the 
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vise .to the table. If you try to hold the work in your fingers, 
the drill may snatch it out of your hand and throw it at you. 
(No, we aren*t kidding.) If you try to hold the work with 
a rag, the drill may catch the rag and pull your fingers into 
the cutting edges. 

Precision Lathe 

The precision lathe works on a different principle from 
the other cutting tools weVe described. When you use the 
others, the work holds stili and the cutting tool moves. But 
a lathe holds the work, and turns it against a tool that’s 
almost stationary. Figure 4-24 shows a modern precision 
lathe, and points out its principal parts. 


Figure 4-24.—Precision lathe. 

The lathe is easily the most versatile tool in the shop. 
You can use it for turning, boring, facing, and screw cutting. 
And for drilling, reaming, knurling, grinding, spinning, and 
even spring winding. 

But effective use of the lathe is a complicated skill. You 
might be able to learn it from a book, but the book would 
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have to be thicker than this one. Here’s how to start: 
First, study the training manual Machinisfs Mate 3 & 2, 
NavPers 10524-A. Then read the instruction manual that 
comes with the lathe. (You’11 find it either in the machine 
shop or in the ship^ library.) Finally, ask an experienced 
machinist to help you with your first lathe work. (That’s 
important. Don’t try it by yourself. Any machine that 
makes qirick work of cutting steel could make even quicker 
work of cutting you. An experienced machinist can show 
you how to use a lathe safely.) 

These are the most important things to remember: 

1. When you operate a lathe, don’t wear a necktie or any 
other loose clothing that could catch on the moving parts 
and pull you-into them. If youYe wearing a long-sleeved 
shirt, roll the sleeves above your elbows. 

2. When the lathe is running, keep your hands away from 
the moving parts. That includes the gears, the chuck, and 
the work itself. A lathe will often make long, stringy shav- 
ings that cling to the work. But don’t try to pull them off 
while the lathe is running. They may grab your fingers and 
pull them into the cutting tool. 

3. Before you start the motor, take a final look to be sure 
you’ve removed the chuck key. 

MEASURING INSTRUMENTS 

Anyone who works in a torpedo repair shop must know 
how to make accurate measurements, and how to read them 
correctly. 

To measure lengths and diameters, use a steel rule like 
the one in figure 4-25. They come in 6-inch, 12-inch, and 
longer lengths. Each of the four edges is divided into dif¬ 
ferent fractions of an inch: One is marked in eighths of an 
inch, one in sixteenths, one in thirty-seconds, and one in 
sixty-fourths. When you make a measurement, use the 
scale that gives the accuracy you want. 

If your scale is in good condition you can use it as a 
straight edge, to find out if a surface is true or whether a 
shaft is straight. 
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Calipers 

When you can’t conveniently make a measurement with 
your scale, use a pair of calipers. Figure 4-26 shows the 
two principal kinds of calipers, and shows how to use them. 

As you can see in the picture, calipers can’t make measure- 
ments directly. Set them to fit the piece you’re measuring, 
and then measure the calipers with your Steel rule. You’11 
need some careful practice before you can make accurate 
measurements. Beginners usually set outside calipers too 
large, and inside calipers too small. Make a special effort 
to avoid these errors. 

Dividere 

Use dividers, like the ones in figure 4-27, for drawing 
circles on a metal surface, or for transferring measurements 
from the steel scale to the work. (The picture doesn’t show 
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the most accurate way to use the dividers. We suggest tuat 
you use the flat side of the scale, rather than the edge. To 
set the dividers, put one point in one of the engraved lines 
on the scale, and adjust the other point to fall in the line of 
the required measurement.) 

Squares 

You may occasionally use a square to make a measure- 
ment, but you’11 find it more useful for laying out and check- 
ing angles. Figure 4-28 shows four different kinds of squares. 

The steel square, the try square, and the DOUBLE 
square are all made to check right angles. The combina- 
tion square sets will measure other angles, as well as right 
angles. 

A typical combination square set has a 10- or 12-inch blade, 
or rule, and three different heads to use with it. Figure 
4-28 shows one of them. With the left side of this head you 















can check right angles; with the right side you can check 
45-degree angles. This head has a built-in spirit level; you 
can use it for leveling a horizontal surface, or plumbing a 
vertical surface. 

The center head for a combination square is Y-shaped, 
with the two arms of the Y forming a right angle. It holds 
the rule so that one of its edges splits the right angle. It’s 
useful for finding the center of a cylinder, such as a metal 
rod. To use it, put the rod in the right angle, with the 
blade across the end of the rod. Scribe a line along the 
edge of the rule. Now move the square about 90 degrees 
around the rod, and scribe another line. These two lines 
will cross at the center of the rod. 

The combination square also has a protractor head, 
with which you can measure any angle. This head has a 
circular scale marked off in degrees. You can set the blade 
to any angle you want, and then lock it in position. 

Your angle measurements will be accurate as long as you 
take good care of your squares. But if you handle a square 
carelessly, it won’t stay square for long. 


Micrometer Caliper 

Figure 4-29 illustrates the micrometer caliper or “mike.” 
Use a mike for extremely accurate measurements of outside 
diameters, thickness, and the measurements taken by inside 
calipers. 

Because of its accuracy, the mike is a delicate instrument; 
you’11 have to handle it carefully if you want it to stay 
accurate. Don’t force the spindle against the object- you 
want to measure—just bring it up to make a snug fit. Some 
mikes, like the one in the drawing, have a friction slip at 
the end of the thimble. If you use the friction slip to move 
the spindle, there’s no danger of using too much force. The 
friction slip will slip when the spindle is tight enough against 
the piece you’re measuring. 

Figure 4-30 shows how to hold the mike, both for taking 
a measurement and for reading it. 
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. Look back at figure 4-29 for a minute. The spindle 
passes through the barrel, and is attached to the thimble. 
The part of the spindle that’s inside the barrel is threaded; 
it moves in a nut that’s mounted in the barrel. The spindle 
has 40 threads per inch. That means you must turn the 
thimble through 40 complete revolutions to advance the 
spindle one inch. And of course when you turn the thimble 
through one revolution, you advance the spindle through 
}io of an inch. 

Around the beveled edge of the thimble is a series of 
25 graduations, with every fifth line numbered. Along the 
barrel, parallel with its axis, is an index line, divided into 
fortieths of an inch. Each fourth graduation is numbered. 

When you close the mike, so that its spindle is resting 
lightly against the anvil, the edge of the thimble will be at 
the “0” mark on the index line. When you turn the thimble 
through one revolution, you bring its zero mark back to 
the index line. Then the beveled edge of the thimble will 
lie at the first vertical mark on the barrel, and you will have 
opened the mike by }io of an inch (or 0.025 inch). If you 
turn the thimble through four revolutions, youll bring its 
edge to the first numbered mark on the barrel; youll 
have opened th$ mike by % 0 of an inch (or Xo of an inch, or 
0.100 inch). 
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Now suppose that, with the mike closed, you turn the 
thimble through Ks of a revolution. Since there are 
25 graduations on the edge of the thimble, the first gradu- 
ation will now be opposite the index line. How far have you 
opened the mike? Sinee one revolution will open it )io of 
an inch, you’ve opened it Ks of }i 0 of an inch. 


25 X 40 


1 

1,000 


.001 inch 


Each graduation on the edge of the thimble represents 
0.001 inch. 

So here's how to read the mike. First, see how many 
numbered lines youVe uncovered on the barrel. Read them 
in tenths of an inch. Second, count the unnumbered lines 
between the thimble and the last numbered line. Read each 
of them as 0.025 inch. Third, look at the mark on the thimble 
that’s opposite the index line. Read that in thousandths of 
an inch. Finally, add the three readings, and there’s your 
answer. 

Look back at the mike in figure 4-29, and see if you can 
read the diameter of the shaft it’s measuring. Do it now, 
because the answer is in the next paragraph. 

In figure 4-29, you can see two numbered lines on the 
barrel. Read them 0.200. You can see two unnumbered 
lines between the 2 and the thimble. Read them 2X0.025, 
or 0.050. On the thimble, the 23d graduation is opposite 
the index line. Read that 0.023. Now add them up: 


0. 200 
0. 050 
0. 023 


0. 273 

So, the diameter of the shaft is 0.273 inch. 
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Thread Gages 

Figure 4-31 illustrat es a thread gage, and shows how 
to use it. It consists of a frame containing a number of 
notched blades. Each blade bears two numbers. The first 



number shows the number of threads per inch; the second 
shows twice the depth of the threads, in thousandths of 
an inch. 

Feeler Gages 

A feeler gage (fig. 4-32) also consists of a frame and a 
number of blades. Each blade is accurately ground to a 
uniform thickness, which is stamped on the blade. The 
tliickness of the blades usually ranges from 0.0015 inch to 
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0.025 inch. By using combinations of two or more blades, 
you can measure any gap or clearance up to the total thick- 
ness of ali the blades. 

But be careful. You can see that if the blades are bent, 
you can’t use theiri for an accurate measurement. And 
when you’re measuring to a thousandth of an inch, you can’t 
afford to have a thousandth of an inch of dirt or rust on the 
blades. 
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Angle and Radius Gages 

The upper part of figure 4-33 shows an axgle gage. It’s 
especially useful when you have to measure an angle in a 
tight space where there isn’t room for a pro tractor. 

The lower part of the figure illustrates a radius gage, and 
shows how to use it. The rounded corner of each blade is 
the arc of a circle. As you ean see, you can measure either 
outside or inside radii. The radius of the arc is stamped on 
the blade. 

Dial Indicator 

Figure 4-34 shows a dial indicator in a typical mounting 
setup. The contact point bears against the part you want 
to check. (In the picture, the contact point is protruding 
downward from the dial.) The dial is usually graduated 
in thousandths of an incli. When the contact point moves 
along its axis, the dial hand shows the amount of movement. 



You can use the dial indicator to measure the up-and- 
down motion of a part, the alinement of a shaft, the side 
movement of gears, and so forth. 
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Here’s how to use the indicator. Let’s say that you want 
to check the alinement of a rotating shaft. First, clamp 
the dial indicator firmly to some solid object, such as the 
stand in figure 4-34. Let the contact point rest lightly on 
the surface of the shaft. Now, by turning the knurled 
screw on the rim of the dial case, set the indicator hand to 
zero. Turn the shaft slowly; the hand will show the eccen- 
tricity of the shaft, in thousandths of an inch. 

Hydrometer 

The instrument you use to measure the specific gravity of 
the electrolyte in a storage battery is the hydrometer. 
Figure 4-35 shows what it looks like. 

It consists of a glass tube, with a rubber tube attached 
at the lower end and a soft rubber bulb at the upper end. 
Inside the glass tube is a small float. The lower end of 
the float is weighted with lead shot; the upper end is marked 
with a scale of specific gravities. 

Here’s how to take a specific gravity reading with a 
hydrometer. Squeeze the bulb, and then insert the rubber 
tube into the battery cell, below the level of the electrolyte. 
Slowly release the bulb, to draw electrolyte into the glass 
tube. Release the bulb completely. The float should 
float freely, somewhere around the level shown in figure 4-35. 
If you have too much electrolyte, or too little, expel it ali 
into the battery cell and start over again. 

If the upper end of the float sticks to the side of the glass 
tube, tap the glass gently to free the float. Now read the 
specific gravity on the scale of the float stem—exactly at 
the surface of the liquid. 


Tachometers 

A tachometer is a device that measures speed of revolu- 
tion. You can use a tachometer to meaure how fast a 
shaft, or a gear, or a propeller is turning. 

If a free end of the revolving shaft is exposed where you can 
get at it, you’11 probably use a hand tachometer. This 
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de vice is small enough to hold in one hand. A drive rod, 
with a rubber tip on its end, protrudes from the case. To 
measure the speed of a revolving shaft, you press the rubber 
tip against the exposed end of the shaft. If there’s no 
slippage, the tachometer drive rod will turn at the same 
speed as the shaft. You can then read the shaft speed, in 
rpm, directly from the tachometer dial. 

You can use a strobotac for the same purposes you use 
the hand tachometer. But the strobotac is especially useful 
when the end of a shaft is hidden, or for some other reason 
you can’t apply the tachometer shaft directly to the revolv¬ 
ing part. The strobotac doesn’t have to touch the part 
whose speed it measures. It will work even when you hold 
it several feet away. 

The name strobotac is a combination of two words— 
stroboscope and tachometer. A stroboscope is an instru- 
ment that operates a flashing light. Each flash is very 
short, and the flashes occur at regular intervals. YouVe 
probably seen photographs taken by stroboscopic light. A 
very familiar one shows a golfer swinging a golf club. In 
one photograph you see one golf club in 20 or 30 different 
positions, at various points during the swing. Each flash 
of the stroboscopic light formed a separate image of the 
club on the film. 

Like all stroboscopes, the strobotac operates a flashing 
light. By turning a knob on the side of the case, you can 
set the rate at which the light flashes. To measure the 
speed of a revolving part, you hold the strobotac so that its 
light flashes on the part. Turn the adjusting knob until 
the moving part seems to stand stili. When that happens, 
you know that the moving part is always at the same point 
when the light flashes; the light is flashing once in each 
revolution of the part. You can ‘then read the speed of 
revolution on the strobotac dial. (The strobotac is cali- 
brated in rps, rather than rpm. If you want the answer in 
rpm, you’11 have to multiply the reading by 60.) 
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CHEMICALS 

At present, Torpedoman’s Mates handle very few Chemi¬ 
cals. You , ll sometimes have to mix battery acid, and handle 
the Chemicals that neutralize it. You , ll have to mix the 
Chemical Solutions for liquid ballast in exercise heads. 
And you’11 probably handle Navol and its catalysts. Be- 
cause of future developments in underwater ordnance, or 
because of a special assignment, it’s possible that your 
work with Chemicals will be more extensive. Here are some 
general rules that apply to all work with Chemicals. 

1. Follow Directions Exactly. If you get your meas- 
urements mixed up, or make them carelessly, or mix your 
Chemicals in the wrong order, you may end up with a solution 
that won’t work the way it’s supposed to. And it may be 
dangerous. 

2. Don’t Get Playful. DonTmix Chemicals at random, 
just to see what will happen. (People have discovered 
valuable new explosives that way, but some of them didn’t 
live long enough to get rich.) 

3. Keep Your Larels Intact. If you see that a label 
on a Chemical bottle is coming off, glue it down. When 
the glue is dry, give the label a coat of paraffin wax. The 
wax is transparent enough that you can read the label 
through it. And it will resist water and most Chemicals. 
Don’t use any chemical from an unlabeled Container. Don’t 
take a chance—get rid of it. 

4. Don’t Pour Water Into Acid. When you mix water 
and acid, pour the acid into the water. And pour it 
slowly; don’t dump it. 

5. Don’t Mix Acid With Cyanide. The mixture gives 
off a gas that’s deadly poison. 

6. Keep It Clean. That means your Chemicals, their 
containers, and all the apparatus you work with. In some 
processes, even the slightest amount of dirt or grease will 
ruin your work. 

Most Chemicals are poison. Many of them can cause 
serious burns if they get on your skin or your clothes. 
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Don’t leave spilled Chemicals on anything that might later 
touch vour skin or clothes. If you want to be completely 
safe wear rubber gloves, a rubber apron, and goggles every 
time you mix Chemicals, or work with them. 

Now we J re going to give you some first aid instructions, 
but we hope you’11 be so careful you’11 never need them. 
This is the most important rule: If you’ve been poisoned or 
burned by Chemicals, apply first aid; and then see the 
doctor immediately, even if you think the injury is trivial. 

After you’re poisoned or burned, you won’t have time to 
look through a book to find the antidote. Before you start 
to work with Chemicals, learn the antidotes by heart, 
and keep them handy. When you need an antidote, don’t 
lose your head and use the wrong one; it might be worse than 
none at ali. 4 

Acid Burns. As quickly as possible, wash off the acid 
with a large quantity of water. (If the burn is on your hand, 
you can hold it under the water tap.) Then apply lime 
water, or a mixture of equal parts lime water and raw linseed 
oil, or a paste of baking soda and water. If acid splashes in 
your eyes, wash it out quickly with plain water, then with 
weak lime water. 

Alkali Burns. Wash with plenty of water; then neutral- 
ize the alkali with vinegar or lemon juice. If you get alkali 
in your eyes, wash them with water, then with a weak 
solution of vinegar or a saturated solution of boric acid. 


Antidotes (or Poisons 

Acids (nitric, hydrochloric, phosphoric): milk of magnesia 
or a mixture of baking soda and water; raw white of egg; 
cracked ice. 

Sulfuric Acid: same as for the acids above, but add 
soap or oil. 

Acetic Acid: emetics. (An emetic is something that 
makes you vomit. A tablespoon of salt or mustard stirred 
into a glass of warm water makes a good emetic.) Magnesia, 
chalk, or whiting, in water. Soap; oil. 
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Carbolic Acid: an emetic of zinc sulfate in water; plenty 
of raw egg white; lime water; olive oil or castor oil witli 
magnesia suspended in it; cracked ice; alcohol diluted with 
water (use grain alcohol, not wood alcohol, and not de¬ 
na tured alcohol), or whisky, or about 4 ounces of cam- 
phorated oil. 

Alkalis (sodium hydroxide or potassium hydroxide, 
washing soda, etc.): vinegar, or lemon juice, or orange 
juice; oil ; milk. 

Mercuric Chloride (corrosive sublimate): zinc sulfate; 
emetics; raw egg white; milk; castor oil; table sajt. 

Silver Nitrate: table salt and water. 

Lead Acetate (sugar of lead): emetics; sodium sulfate, 
or potassium sulfate, or magnesium sulfate, in water; milk* 
raw egg white. 

Arsenic (including Paris green): milk; raw eggs; sweet 
oil; lime water; flour and water. 

Iodine: emetics; plenty of starch or flour, in water. 

Denatured Alcohol: emetics; milk; white of egg; flour 
and water. If breathing stops, give artificial respiration. 

Cyanide: There isn’t much you can do about cyanide 
poisoning; it usually causes death in less than a minute. 
If you start the treatment within a few seconds, there may 
be a chance. Give 3 percent hydrogen peroxide internally. 
(We’re assuming the victim is somebody else, not you.) If 
breathing stops, give artificial respiration. Let the patient 
breathe ammonia, or chlorine from chlorinated lime. If he’s 
conscious, give him ferrous sulfate in water, followed by 
potassium carbonate in. water, then emetics. Keep him 
warm. 

Gas Poisoning 

This applies to ali gas poisoning: get the patient into 
fresh air at once. If he stops breathing, give him artificial 
respiration. 

Carbon Monoxide (also illuminating gas, ethylene, and 
acetylene): breathe ammonia, or amyl ni trite. 
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Chloroform (and ether): dash cold water on head and 
chest. 

Trichloroethylene (also perchloroethylene): same as 
carbon monoxide. (You may use one of these in a de- 
greasing machine. Both are heavy white vapors. If you’re 
careful, you can keep them from rising over the edge of the 
Container. When the vapor spills over the edge, it will sink 
to the floor if the air is quiet. The best possible ventilation 
is an exhaust fan at floor level. Any other kind of forced 
ventilation is likely to blow the vapor up to where you can 
inhale it. Both of these gases have a strong smell. If your 
nose telis you the room is contaminated with them— get out. 
Both of these gases are skin irritants. Wear rubber gloves 
when you work with them.) 

BLUEPRINTS AND DRAWINGS 

The Bureau of Ordnance and the Naval Gun Factory at 
Washington, D. C. make mechanical drawings of ali ordnance 
material. These drawings show the dimensions of each part, 
and teli what material it’s made of. They show how to as- 
semble the parts. They provide lubrication charts, and 
show what tools to use for disassembly and reassembly. 

These drawings guide the manufacturer in making and 
assembling the piece of ordnance. And they guide you in 
overhauling and repairing it. 

Every ship carries copies of these drawings, in the form of 
blueprints and photoprints. These copies are assembled into 
sets, each set covering one item. Photoprints are usually 
bound in books. Aboard ship, both blueprints and photo¬ 
prints are called “ordnance drawings.” 

These drawings will be available to you. You’11 find them 
either in a special file in the repair shop, or in the custody of 
your department head. Make use of them; theyll help you 
to become familiar with the ordnance you will overhaul. 
(Remember, when you handle these drawings, to treat 
confidential drawings as you would any other confidentia! 
publica tion.) 
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Down in the lower right-hand corner of each drawing 
you’11 find a number. Thatfs the “drawing number.” On 
each detail that’s pictured in the drawing, you’11 find another, 
smaller number. These are the “piece numbers.” Some- 
times you’11 find a letter after the piece number; that shows 
how many times that piece has been changed or modified 
since the original design. 

Every part of every ordnance device (unless it’s very 
small) has its drawing and piece number stamped on it. The 
first number is the drawing number; the second is the piece 
number. For example, you’11 find numbers like 120460-2. 
Read that: drawing number 120460, piece number 2. 

Look for these numbers, $nd use them. Refer to them 
when you report on a particular piece, or when you order 
new parts. 
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Mechanical Drawings 

Blueprints and photoprints are exact copies of mechanical 
drawings. Mechanical drawings are made with special 
tools and drawing instruments. They’re intended to give 
a true picture of each part: to show its_ size, shape and 
description, the materials it’s made of, and the method of 
making and assembling it. These drawings carry the de¬ 
signer^ ideas to the machinist who actually makes the part 
or instrument. The Navy makes mechanical drawings of 
every ordnance de vice it uses. 

Projectioris 

Most drawings have several parts, called views, or 
projections. Figure 4-36 shows how they’re developed. 
Think of the part as enclosed in a transparent box. If you 
look straight through the front of the box, and trace on the 
box exactly what you see, you’11 have a front view of the 
part. If you look straight down through the top of the box, 
you can draw the top view; if you look through the side 
you can draw the side view. Then, if the sides of the 



FRONT VIEW SIDE VIEW 

Figure 4-37.—Working drawing of a detail. 
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box are at right angles to each other, you’11 have an ortho- 
graphic (right-angle) projbction. 

Now suppose you open out the sides of the transparent 
box so theyVe in one plane. In one drawing, you’11 have three 
different vievvs of the part. If you spread out the box in 
figure 4-36, you’11 have a drawing like figure 4-37. 

In some drawings you may find another view, from another 
angle. These are called oblique (slanting) views. 

When you study the two figures (4-36 and 4-37), you’11 
notice that solid lines represent the lines you can actually 
see; dotted lines on the drawing represent hidden lines on the 
part. This is Standard practice; drawings are always made 
this way, to show which parts you can see directly and which 
parts are hidden. 

Figure 4-38 shows the different kinds of lines you’11 find 

CEN TER UNE - THtN 


D/AfENS/ON - - 

LEADER -m - 

BREAK (LONG) - / J/^ - / p^ 

PHANTOM - -- 

SECTIONING AND 
EXTENStON UNE 

HIDDEN - 


ST/TCH UNE 


OUTUNE OR 
VfStBLE UNE 


BREAK fSHORT) 


DAfUM UNE 


Figure 4-38.—Types of lines used in mechanical drawings. 
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Figure 4-39.—Cross hatching. 
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on mechanical drawings. Learn them, so you won’t be 
confused when you try to read a drawing. 

A drawing will often show a piece as if a part of it were cut 
away. These drawings are called section views, or 
sectioxal views. When materials are shown as cut, the 
section is covered with crosshatching, to show what material 
the part is made of. Figure 4-39 shows the types of cross¬ 
hatching used to represent various materials. 



Fisure 4-40.—Try cock body. 



Fisure 4-41.—Try cock handle and closins seat. 
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Fi gure 4-43.—Try coele assembly. 


Figures 4-40, 4-41, and 4-42 are simple detail drawings of 
three parts of a try cock. Figure 4-43 is an assembly 
drawing, to show how the parts fit together. These are fairly 
simple drawings. Study them, and compare them with 
figure 4-38 if you don’t understand the lines. Wlien you can 
. read these simple drawings easily, you’11 liave a basis for 
the study of more complicated drawings later on. 

Schematic Diagrams 

Schematic diagrams are drawings that show how a 
mechanism works, but don’t show its exact construction or 
the exact location of its parts. These drawings use symbols 
to represent the different parts, but these symbols areiFt 
intended to show actual size or shape. 
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Figure 4-44 is a schematic diagram of part of the mecha- 
nism that introduces the ship’s speed into a rangekeeper. 
Check the diagram against this description: You can easily 
see the crank, at the left of the diagram. The straight line 
extending to the right of the crank represents its shaft. The 
shaft is connected to two triangular symbols; these are 
miter gears. Those numbers on the gears (24T over 24P) 
mean that each gear has 24 teeth and a 24 pitch (24 teeth per 
inch). The miter gears are connected, by another shaft, to 
a screw-and-nut mechanism. This is a limiting device; it 
stops the mechanism when it reaches its limit of movement 
in either direction. 



Fisure 4-44.—Schematic diasram. 

The small rectangle (marked 18T over 32P) is a spur gear. 
The longer rectangle beside it is another gear that meshes 
with it. (Notice that throughout the mechanism ali pairs 
of gears that mesh have the same pitch.) This second spur 
gear is connected, through another pair of miter gears, to the 
shaft marked 3K KN. From that shaft, the turning force 
passes to another set of bevel gears, then to another set of 
spur gears, and finally to the speed indicator dial. 

To make the dial read 40 knots, how many times will you 
have to turn the crank? The schematic drawing gives you 
ali the information you need in order to find out. 

Here’s the*rule for finding gear speed ratio: divide the 
product of the number of teeth on ali the driving gears by 
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the product of the number of teeth on all the following 
gears. For this gear train, we get: 


24 X 18 X 24 X 16 X 15 __ 1 
24 X 48 X 24 X 48 X 105 56 

That means it takes 56 full turns of the crank to move the 
speed indicator dial through one complete revolution. 

Look at the screw in the limiting device. It’s marked 32 
turns, and 0-40 KN. That means two things: It’s limit of 
travel is 32 turns; and while it’s moving between its limits of 
travel, the dial indicator will move between 0 and 40 knots. 

You know that the speed reduction ratio between the 
crank and the dial is 1 to 56. And you can see that the ratio 
between the crank and the screw is 1 to 1. Since the screw 
can make only 32 turns, it isn’t possible to turn the indicator 
dial through a complete revolution. To make the dial indi- 

32 

cate 40 knots, you have to turn it through only — of a 

revolution. If you could tum it through a full revolution, 
* 50 

it would indicate—X40 knots, or 70 knots. The drawing 

gives you that information, under the dial. 

Look at the small spur gear near the right-hand edge of 
the diagram. It’s marked 10 KN, meaning that the dial 
will register 10 knots when this gear turns through one rev¬ 
olution. Let’s check. The larger spur gear makes one com¬ 
plete revolution for 70 knots. (You know that because it’s 
directly connected, by its shaft, to the dial.) The larger 
spur gear of this pair has 105 teeth; the smaller one has 15 
teeth. For a full turn of the smaller gear, the dial will move 

-^X70 knots, or 10 knots. 

1U5 

In the same way, you can find the relative speed of any 
gear or shaft in the mechanism. Look at the long shaft 
marked 3% KN. Check that and see if it’s right. 

The diagram (we’re stili talking about figuro 4-44), shows 
something else: the direction in which each gear shaft turns. 

108 


Digitized by CjOOQle 



The arrow on the crank shows that, when you’re looking at 
the crank from the outside of the mechanism, you turn it 
counterclockwise to advance the dial. The arrow on each 
gear symbol shows the direction that gear turns when you 
turn the crank counterclockwise. As you can see from the 
arrow on the big spur gear, the dial also turns counterclock¬ 
wise. 

There are a couple of symbols in figure 4-44 that we haven’t 
explained. The symbol between the crankshaft and the 
first miter gear means you can open the connection at that 
point; the crank is connected to the gear train only when you 
want it to be. The symbol marked A-l, in the lower right- 
hand corner of the diagram, means there’s an adjustment 
mechanism at that point. 

Remember this about schematic drawings: they give you 
a lot of information, but they don’t try to show you what the 
device looks like. For example, the mechanism represented 
by figure 4-44 has a crank on the side of its housing, and a 
dial on the top. You might be able to guess that, but the 
diagram doesn’t show it. 

The symbols in schematic diagrams aren’t standardized. 
But their meaning is usually apparent. When it isn’t, the 
symbols are explained on the face of the drawing. 
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QUIZ 


1. Where can you find more complete information on tools and 
blueprints? 

2. What’s the difference between a Phillips screwdriver and an Allen 
screwdriver? 

3. For what purpose would you use needle-nose pliers? 

4. Why must a wrench fit the bolt head exactly? 

5. When you*re using an adjustable wrench, in which direction should 
you pull the handle? 

6. What are the principal advantages of the box-end wrench? 

7. When you mount a hacksaw blade in the frame, in which direction 
should the teeth point? 

8. Which hand tools cut internal threads? External threads? 

9. For what purpose would you use a thread chaser? 

10. What is the purpose of soldering flux? 

11. What is the principal difference between soldering and brazing? 

12. When you’re sharpening a Steel tool on a bench grinder, w T hy is it 
necessary to dip the tool frequently in water? 

13. Why would it be dangerous to use a grinding wheel that has been 
dropped? 

14. What precaution must you observe after you have mounted a 
piece of work in the lathe chuck? 

15. What tool would you use to check or to lay out a 45 degree angle? 

16. For what purpose would you use a hydrometer in the torpedo 
repair shop? 

17. To prepare electrolyte for a torpedo storage battery, you, dilute 
sulfuric acid with w^ater. What important precaution must you 
observe? 

18. What should you do if you spill sulfuric acid on your hand? 

19. What is the purpose of a schematic drawing? What does it not 
show? 
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TORPEDO TOOLS 

In chapter 4 we described some of the common tools that 
you might expect to find in any kind of repair shop. Now we 
come to the special tools you use only in adjusting or over- 
hauling torpedoes. Each of these tools was made to do one 
or more specific jobs on the torpedo. It has no other purpose. 

The tools and equipment you , ll find in a torpedo overhaul 
shop can be divided into ten different classes. Here they are: 

1. Handling gear 

2. Adjusting and testing equipment 

3. Workshop equipment tools 

4. Torpedo tools 

5. Bench tools 

6. Measuring instruments 

7. Hand tools 

8. Drills and taps 

9. Air pressure fittings 

10. Miscellaneous 

Your best guide to torpedo workshop equipment is OP 
1217, Torpedo Workshop Equipment and Tools. It gives a 
separate chapter to each of the 10 classes of tools and equip¬ 
ment. Most of these chapters are well illustrated. Since 
OP 1217 will be available to you, we aren’t going to duplicate 
it in this course. 

In this chapter we will do two things. First we will discuss 
the torpedo tools (item 4 in the above list). OP 1217 lists 
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these tools, but doesn’t illustrate them. We’ll furnish the 
pictures here. And we’11 give you a few hints on how to use 
these tools, and how to take care of them. Second, we’ll 
give a paragraph to each of the other classes of tools and 
equipment, and illustrate a few examples. 

How can you use this chapter? Use it first as an intro- 
duction to OP 1217, and to the torpedo shop itself. When 
you check out in the practical factors required by the quali- 
fications for advancement in rating, you will be expected to 
recognize most of the torpedo tools on sight. You will be 
expected to name them, and teli what theyVe used for. You 
could get most of that information by memorizing the list 
and illustrations in this chapter, but it wouldn’t stick with 
you for very long. It will be firmly fixed in your mind only 
after you have actually used the tools in the shop. Then, 
after you have the practical experience, you can use this 
chapter as a final review. 

TORPEDO TOOLS 

To adjust, repair, and overhaul torpedoes, you will have to 
know and use about 300 different tools. For each step in 
each adjustment and each overhaul, you must select and use 
the one right tool —and no other. But actually that’s not 
as tough a job as it sounds. The Navy has done everything 
it can to make it easy for you. Each tool has its number 
stamped on it. In making any adjustment, or in overhauling 
any part of the torpedo, you will foliow the checklists in the 
Ordnance Pamphlets. These checklists teli you each step 
in the operation. And, for each step, they teli you the num¬ 
ber of the tool to use. Unless you’re careless, or unless you 
try to save a few minutes by taking a “short cut,” it will be 
hard for you to go wrong. 

Here are four important rules for the care and use of your 
torpedo tools. If you follow these rules without exception, 
they will make your job easier in the long run. 

1. Keep Each Tool in Its Proper Stowage Place. A 
tool is useless if you can’t find it. On a fighting ship; you’11 
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keep your torpedo tools in a box. Return each tool to the 
box when you're through using it. In the torpedo shop at a 
shore station, or on a repair ship or tender, the tools will 
usually be kept in racks and drawers. If you return each 
tool to its proper place in the rack, you , ll know where it is 
the next time you need it. 

2. Keep Your Tools in Good Conditi on. Protect tliem 
from rust, nicks, burrs, and breakage. 

3. Keep Your Tool Allowance Complete. In every 
torpedo shop you’11 find a list of all the numbered torpedo 
tools. On fighting ships, the list is usually kept on the 
inner lid of the tool box. Keep the list up to date, and check 
the tools against the list frequently. If any tool is missing, 
damaged, or badly worn, requisition a new one. 

4. Use Each Tool Only for the Job It Was Made 
for. A torpedo is a precision machine. If you use the 
wrong tool to make an adjustment, the adjustment will 
probably be unsatisfactory. Not only that, but you're likely 
to do permanent damage to the torpedo. For example, if 
you use a female socket wrench that’s a trifle too big, you’11 
round off the corners of the nut. Then the big wrench will 
no longer turn the nut, and the wrench that was made for 
that nut won’t fit at all. 

It’s possible that in an emergency you may have to sub¬ 
stitute one tool for another. But before you do, get per- 
mission from the torpedo officer, if you’re aboard a fighting 
ship, or from your department head if you're aboard a repair 
ship or tender. If you follow the first three rules carefully, 
this kind of emergency isn’t very likely to come up. 

Torpedo Tool List 

Here’s your checkoff list of numbered torpedo tools. The 
main purpose of the list is to check your knowledge of the 
tools that have specific uses. For that reason, we’ve omitted 
a few of the “general use" tools from the list, even tliough 
they have torpedo tool numbers. 

As new marks of torpedoes go into production and reacli 
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the Fleet, you can expect new tools to be issued. WeVe 
left a blank space at the end of the list, so that you can 
keep it up to date. As new tools are issued, write in their 
numbers, names, and uses, in this space. 

11 — Socket wrench, male, Ke-inch square—used on water 
compartment filling plug, plug for access hole in depth 
mechanism air chamber, etc. (Fig. 5-1.) 

12— Socket wrench, female, Ke-inch square—used on air 
strainer plug, water compartment screws, etc. (Fig. 5-1.) 

13— 14 —Double end socket wrench, male 0.623-inch and 
female 0.314-inch—used on stop valve spindle, charging 
valve plug, oil filling plug, drain plug, etc. (Fig. 5-1.) 

18 —Open end wrench, %-inch—used on depth index stuffing 
gland, air releasing valve guide, fuel spray holder, etc. 
(Fig. 5-1.) 

18A —Socket wrench—used on Navol Container. 

24— Open end wrench, Ke-inch—used on gyro reducing valve 
pipe nut, motor terminals of the Mk 18 torpedo, etc. (Fig. 
5-1.) 

25 — Spanner wrench—used on steering engine cylinder head, 
etc. 

37 — Screwdriver blade—for general use (with handle, tool 
No. 38). (Fig. 5-1.) 

38 — Handle—used with tool No. 37. (Fig. 5-1.) 

39 — Screwdriver—for general use. 

40 — Screwdriver—used on transportation and replacement 
screws, and for general use. (Fig. 5-1.) 

41 — Screwdriver—for general use. (Fig. 5-1). 

44— Vernier scale—used to check throw of vertical steering 
rudders. (Fig. 5-1.) 

48 — Socket wrench, female, %-inch hexagonal—used on nuts 
for hand hole studs, air release mechanism cover, etc. (Fig. 
5-1.) 

49 — Socket wrench, male, % 2 -inch square—used on joint 
screws, etc. (Fig. 5-1.) 
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49A—Socket wrench, female, % 2 -inch square—used on steer- 
ing engine and depth engine holding screws. (Fig. 5-1.) 

51A—Socket wrench, female, %-inch square—used to remove 
spray holders. 

54—Handle bar—used with spanner wrenches (tools Nos. 
117, 221, 228, and 452). 

61—Breaking screw, M-inchX20-thread—used to break bulk- 
head joints, etc. (Fig. 5-1.) 

64—Open-end wrench, % 2 -inch—used on bracket screw r s of 
steering and depth engines, holding screw of exploder firing 
mechanism, etc. 

69—Upsetting tool—used on turbine wheel lock nut screw r . 

72—Combination pliers—for general use. (Fig. 5-1.) 

74—Lifting screw—for holding the fuel, water, and air check 
valves while lapping them; for holding the fuel plugin tool 
217 when removing it from the fuel flask, etc. (Fig. 5-1.) 

80— Spanner wrench—used on gyro locking disc. (Fig. 5-1.) 

81— Screwdriver—for general use on gyros. (Fig. 5-1.) 

88—Screwdriver—for general use on gyros. (Fig. 5-1.) 

90— Tweezers—for general use on gyros. (Fig. 5-1.) 

91— Starting screw—for general use on gyros. (Fig. 5-2.) 

92— Jeweler’s pliers—for general use on gyros. (Fig. 5-2.) 

94—Oil syringe—used on oil plugs and connections. (Fig. 
5-2.) 

96A—Face spanner—used on upper crossliead oil connection. 
98—Spring push balance—used for testing the reducing valve 
packing, for adjusting the depth spring, etc. (Fig. 5-2.) 

134—Hook spanner wrench—used on air connection from 
reducer to top of combustion pot. (Fig. 5-2.) - 

134A—Hook spanner wrench—used on main air connection. 
(Fig. 5-2.) 

135A—Socket wrench, female, Ji-inch square—used on depth 
and starting gear spindles, etc. (Fig. 5-2.) 

141A—Open-end wrench, %-inch—used on air pipe connec¬ 
tion to igniter, etc. (Fig. 5-2.) 
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144— Open-end wrench, %-inch—used on gyro spin pipe nut, 
on air connections to fuel and water checks, etc. (Fig. 5-2.) 

145— Adjusting pin—used on gryo and pallet mechanism. 
148—Open-end wrench, % 6 -inch—used on turbine nut and 
air pipe nut. 

150— Open-end wrench %-inch—used on cam roller screw, 
etc. (Fig. 5-2.) 

151- 151A—Face spanner wrench—used on starting and stop 
valve follower. 

155—Open-end wrench, %-inch—used on control valve 
bracket nut, etc. (Fig. 5-2.) 

159—Open-end wrench, % 2 -inch—used on depth engine stop 
plug, etc. 

161—Open-end wrench, % 6 -inch—used on fuel sprav body, 
etc. 

166—Tapered drift, 2K-inchX}4-inch—for genera! use. 

169—Hook spanner wrench—used on depth engine gland. 

171— Clamp—used on depth engine piston rod. 

172— Gyro tool—used to move the balls in gyro wheel 
bearings. (Fig. 5-2.) 

176— Socket wrench, female, Xe-inch square—used on after 
bulkhead .bearing screws. 

176A—Extension for tool 176. 

177— Spanner wrench—used on after bearing packing ring 
follower. 

179— Hook spanner wrench—used on turbine wheel lock nuts. 

180— Socket wrench, male, %-inch square—used on deptli 
mechanism spring adjusting screw, etc. (Fig. 5-2.) 

181— 181A—Spanner wrench—used on stop valve spindle 
follower, etc. (Fig. 5-2.) 

183— Socket wrench, female, %-inch hexagonal—used on 
propeller sleeve nut, etc. (Fig. 5-2.) 

184— Socket wrench, female, % 2 -inch square—used on after 
propeller shaft joint screw, etc. (Fig. 5-2.) 
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185 — Face spanner wrench—used on forward and after 
propeller nut. 

186 — Hook spanner wrench—used on after propeller nut. 
188 —Hook spanner wrench—used on spindle shaft sleeve and 
gyro spinning gear. 

191 —Open-end wrench, lK-inch—used on depth engine 
cylinder head, etc. 

200-441 —Combination lifting screw, %-inch X20-thread— 
used for cocking the air-release mechanism Mk 2. (Fig. 5-3.) 
201A—Face spanner wrench—used on gyro spinning turbine 
wheel and war head cap. 

204 —Spanner wrench—used on gyro gimbal bearing cup. 
(Fig. 5-3.) 

205A-246 —Combination locking hook and socket wrench, 
male, % 2 -inch square—used on gyro bottom piate screws, and 
for locking the gyro in the mechanism. (Fig. 5-3.) 

208 —Extension for tools 18, 183, and 428—used on depth 
index gland, etc. (Fig. 5-3.) 

212— Assembly bushing—used in assembling the starting 
valve. 

213 — Assembly bushing—used in assembling the steering 
engine piston. 

217 — Socket wrench, female, Ke-inch square—used on fuel 
filling plug. (Fig. 5-3.) 

218 — Open-end wrench, lKs-inch—used on starting gear. 
(Fig. 5-3.) 

220-220A —Box wrench, 1 K-inch and 1%-inch—used on start¬ 
ing gear. (Fig. 5-3.) 

222— Gage—used to test depth engine valve. (Fig. 5-3.) 

223 — Test connection—replaces air strainer when testing 
rudder throws with air from an outside source. (Fig. 5-3.) 
227-227A —Double socket wrench, male, Ke-inch and K-incli 
square—used on rudder connection pins, nozzle stud nufs, 
etc. (Fig. 5-3.) 
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228— Spanner wrench—used on ball race, turbine spindle 
casing. 

229— Open end wrench—used on pipe nuts, etc. (Fig. 5-3.) 

230— Assembly bushing—used in assembling the depth cn- 
gine piston. 

231— Wedge—used to spread the turbine spindle casing. 
231A— Wedge —used to spread the turbine spindle casing. 
(Fig. 5—3.) 

232— Assembly gage—used on middle ball race of turbine 
wheels. 

234—Eye bolts—used for handling air-flask heads. (Fig. 
5-3.) 

241A-242A—Double box wrench, 2h-inch and 1%-inch—used 
on main air connection to water compartment (Fig. 5-3.) 
245—Screw rods, % 2 -inchX36-thread—used on check valves. 
246A—Socket wrench, male, % 2 -inch square—used on reduc- 
ing valve holding screw. (Fig. 5-3.) 

246B—Socket wrench, % 2 -inch square—used .on depth 
engine lock screw. 

248—Vise jaws (2 parts)—used on depth engine cylindcr. 
252—Face spanner wrench—used on reducing valve stem 
nut. 

254—Socket wrench extension—used with tool No. 12. 

300— Vise jaws—used to hold main engine shaft in vise. 

301— Tubular box wrench—used on first spindle and forward 
spindle adjusting nut. 

303— Special lifting tool—used in removing the gear train 
from the afterbody. 

304— Drift piate—used in removing liner from the combus- 
tion pot. 

305— Jack screw—used to test thriist clearances. 

306— Socket wrench—used to insert igniter in the combustion 
pot. 

309—Lifting handle—used in lifting turbine and gear train. 
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310—T-gage—used in assembling the middle ball race. 

312— Double spanner wrench—used on idler shaft (No. 7 
nut). 

313— Box spanner—used on forward propeller shaft (No. 9 
nut). 

314— Open end wrench, %-inchXKe-inch—used on exploder, 
etc. 

315— Double spanner wrench—used on first stage spindle 
(No. 5 nut). 

316— Box spanner—used on forward end of idler shaft 
(No. 6 nut). 

317— Box wrench—used on second stage spindle (No. 8 nut). 
356—Box wrench, %-inch and %-inch hexagonal—used on 
oil pump and A-frame stud nuts. (Fig. 5-3.) 

364—Clamp—used on exhaust valves. 

372A—Strainer remover—used to remove strainers from 
strainer body. (Fig. 5-3.) 

377—Box wrench, l) 4 -inch hexagonal—used on charging 
valve bushing and starting valve follower. (Fig. 5-3.) 

382—Spanner wrench—used on turbine wheel nut. 

386—Socket wrench, % 6 -inch square—used on afterbody 
joint screws, etc. (Fig. 5-3.) 

388— Socket wrench, male, %-inch square—used on war- 
heads, etc. 

389— Socket wrench, female, % 6 -inch square—used on engine 
cage stud nuts. (Fig. 5-3.) 

389A—Offset socket wrench, female, % 6 -inch square—used on 
engine cage stud nuts. (Fig. 5-3.) 

391A—Socket wrench, female, 1%-inch hexagonal—used on 
igniter and turbine wheel nut. (Fig. 5-3.) 

400 to 400H—Set of Allen wrenches, %-inch to %-inch—for 
general use. 

401— Open-end wrench, jointed, %-inch—used on pipe nuts, 
etc. 

402— Open-end wrench, 1-inch—for general use. (Fig. 5-4.) 
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404 — Open-end wrench, % 6 -inch—used on pipe nuts, etc. 

405 — Socket wrench, male, % 6 -inch square—used on fuel and 
water strainer plugs. (Fig. 5-4.) 

406 — Socket wrench, female, %-inch hexagonal—used on fuel 
and water check valve plugs, and on the battery compart- 
ment hand hole cover of the Mk 18 torpedo. (Fig. 5-4.) 

407 — Socket wrench, female, %-inch hexagonal—used on fuel 
and water check valve guide. (Fig. 5-4.) 

408 — Socket wrench, Ke-inch hexagonal—used on gyro piate 
screws. 

409— Lifting screw, %-inchX20-thread—used on air chambei 
in depth mechanism. (Fig. 5-4.) 

410 — Socket wrench, female, 0.630 hexagonal—used on lower 
depth spindle socket nut. (Fig. 5-4.) 

41 IA —Test weight, 10 pounds—used in testing Uhlan gear. 
(Fig. 5-4.) 

411B —Test weight, 16 pounds—used in testing Uhlan gear. 
411D —Test weight, 4 pounds—used with tool No..41lB in 
testing Uhlan gear. 

414A —Test clip—used in testing the gyro wheel in bearings. 
(Fig. 5-4.) 

416 —Bearing jack—used in removing gyro bearing races. 
(Fig. 5-4.) 

418 — Spanner wrench—used on stop valve spindle packing 
gland. (Fig. 5-4.) 

419 — Special wrench—used on speed-change operating shaft. 
419A —Special wrench—used on speed-change operating 
shaft. 

420 — Spanner wrench—used with tool No. 377 on starting 
valve. (Fig. 5-4.) 

421 — Spanner wrench—used on reducing valve and lock nut. 

422 — SpanQer wrench and packing wrench—used on reducing 
valve packing and packing gland. 

423 — Spanner wrench—used on after bearing packing nut. 
(Fig. 5-4.) 
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433 426 423 

Figure 5-4.—Torpedo tools. 
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424— Assembling gage—used in assembling middle ball races 
and turbine wheels. 

424A—Assembling gage—used in assembling middle ball 
races and turbine wheels. 

425— Hook spanner wrench—used on forward propeller nut. 
(Fig. 5-4.) 

426— Hook spanner wrench—used on after propeller nut. 
(Fig. 5-4.) 

427— Socket wrench, inch square—used on restriction 
valve body plug. 

428— Socket wrench, %-inch hexagonal—used with tool No. 
183 on restriction valve body plug and spray holders. 
(Fig. 5-4.) 

430— Socket wrench, male, % 6 -inch square—used on gear 
shift operating spindle. (Fig. 5-4.) 

431— Socket wrench, female, l)i 6 -inch hexagonal—used on 
side gear carrier stiffening post nuts. (Fig. 5-4.) 

432— Spanner wrench—used on starting gear packing gland. 
(Fig. 5-4.) 

433— Spanner wrench—used on turbine wheel lock nut. 
(Fig. 5-4.) 

434— Open-end wrench, lXfi-inch—-used on side gear carrier 
stiffening post nuts, etc. (Fig. 5-5.) 

435^-Open-end wrench, % 6 -inch—used on nozzle stud nuts 
etc. (Fig. 5-5.) 

436— Open-end wrench, K-inch—used on oil pump valve 
cylinder head, etc. 

437— Crow foot wrench, %-inch—used on water eompart- 
ment nut; etc. (Fig. 5-5.) 

438— Crow foot wrench, %-inch—used on igniter pipe nut. 
(Fig. 5-5.) 

439— Special wrench—used on restriction valve packing 
gland. 

440— Special wrench—used on nozzle valve stuffing box 
gland. 
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Figure 5-5.—Torpedo tools. 
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441— 200—Cockmg tool and lifting screw—used on hand hole 
plates, and for cocking air-release mechanism Mk 2, etc. 
(Fig. 5-5.) 

442— Medium hand chuck—used to hold medium taps. 

443— Large hand chuck—used to hold large taps. 

444— Socket wrench, male, fta-inch square—used for bottom 
setting of angle fire. (Fig. 5-5.) 

445— Special spanner wrench, 0.281-inch square—used on 
afterbod}^ oil cup. (Fig. 5-5.) 

446— Lifting handle—used in lifting turbine gear frame 
assembly. (Fig. 5-5.) 

446A—Grip, ^-inch—used on turbine bulkhead. 

446B—Grip, %-inch—used on turbine bulkhead. 

447— Shaft guide—used to guide propeller shaft into after 
bearing. (Fig. 5-5.) 

447A—Shaft guide—used to guide propeller shaft into after 
bearing. 

448— Vise jaws—used to hold propeller shaft in vise. (Fig. 
5-5.) 

449— Lifting screw jack, % 2 -inchX36-thread—used on steer- 
ing engine fork pins. (Fig. 5-5.) 

450— Alignment tool—used to align propeller shaft during 
assembly. 

450A—Alignment tool—used to align propeller shaft during 
assembly. 

450B—Alignment tool—used to align propeller shaft during 
assembly. 

451— Open-end wrench, 1%-inch—used on oil tank filling 
connection pipe nuts. 

452— Spanner wrench—used on lower turbine spindle 
bearing. (Fig. 5-5.) 

453— Parallel bars—used for aligning turbine A-frame. 
(Fig. 5-5.) 
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454— Holding clip—used for holding main drive gears during 
assemblv. (Fig. 5-5.) 

455— Speed Socket wrench, 0.318-ineh—used on afterbody 
joint screws. 

456— Speed socket wrench, 0.225-inch—used on gyro door 
screws. 

457— Speed socket wrench, female, Ke-inch hexagonal—used 
on turbine bulkhead nuts. (Fig. 5-5.) 

459—Socket wrench, M-inch—used on nozzle valve bonnet. 

461— Box wrench, 0.877-inch hexagonal—used on diaphragm 
piate nut. (Fig. 5-6.) 

462— Grease gun—used in packing the shaft bearing tail. 

463— Wrench—used to remove gyro bottom bearing holder. 

464— 464A—Spanner wrench—used on side gear follower for 

bearing. , 

465— Split bushing—used to remove side gear ball race, etc. 
465A—Extensiori—used with tool No. 465. 

466— Socket wrench, %-inch hexagonal—used on nozzle plugs. 

467— Gear puller—used on restriction valve stem gear. 

468— Guide block—used as a guide for tool No. 183. (Fig. 
5-6.) 

469— Assembly strap tool—used in assembling the thrust 
bearing. 

471— Split bushing—used in removing the side gear. 

471A—Extension for tool No. 471. 

472— Special tool—used for disengaging the depth index 
socket and spindle. 

472A—Special tool—used for disengaging the depth index 
socket and spindle. 

478— Socket wrench, %-inch hexagonal—used on exploders. 

479— Capping tool—used on dummy detonator. 

481—Grease gun—used on grease plug in propeller shaft. 
(Fig. 5-6.) 
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T-468 487 487-A 


UNNUMBERED TOOLS USED ON GYRO 




8RASS HAMMER 


I t t I 

WOOD STICK M.GLASS INDICATOR SYRINGE 

F^ure 5-6.—Torpedo tools. 
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48IA —Grease gun attachment—used with tool No. 481. 
(Fig. 5-6.) 

481B —Grease gun attachment—used on grease plug in tail 
and propeller. (Fig. 5-6.) 

482 — Extracting tool—for extracting packing. (Fig. 5—6.) 

483 — Locating pin—used for locating gyro side bearing 
washer. (Fig. 5-6.) „ 

496 —Open-end wrench, % 2 -inch—used on gyro mechanism 
top piate lock. 

487-487A —Box wrench, %-inch and %-inch hexagonal— 
used on oil pump reservoir bolt and valve body. (Fig. 5-6.) 

490— Finger die, %-inchX20-thread—used on hand hole 
and bulkhead studs, etc. 

491— Bearing cap prying tool—used on main engine bearing 
caps. 

492 — Parallel bars (adjustable)—used for measuring the 
distance from the forward bearing to the second turbine. 

493 — Oil filling plug wrench—used on main engine oil plug. 

494 — Lifting screw—used with tool No. 493. 

495 — Socket wrench, %-inch hexagonal—used on bearing 
cap in main engine. 

496 — Box and open end wrench, Ke-inch hexagonal—used on 
main engine casing. 

497 — Guide pin—used in installing exploder in war head. 

498 — Bearing puller—used on turbine spindle bearing. 

499 — Spanner wrench—used on torpedo headlight base piate. 

500 — Box and open-end wrench, }?-inch hexagonal—used on 
main engine casing. 

501 — Socket wrench—used on main air connection. 

502 — Special tool—used on main air connection packing. 

503 — Wrench, 1%-inch—used on Navol check valve. 

127W —Face spanner wrench—used on relief valves and drain 
plugs, etc. 
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154 W—Hexagonal bar, 1.250-inch—used on after propeller 
nut. 

157W —Propeller puller—to pull propellers from propeller 
shaft. 

158 W—Box wrench, 1.781-inch hexagonal—used on forward 
propeller nut. 

230W —Filling syringe—for electric storage batteries. 

233W —Hydrometer—for testing electrolyte in storage 
batteries. 

269W —Face spanner wrench—used on stop valve spindle 
plug. 

273W —Gear puller—used on storage batteries. 

277W —Pin wrench, 0.141-inch—used for adjusting and 
tightening steering rods. 

286W —Face spanner wrench—used on tripping cam plug 
and starting gear. 

601W —Allen wrench, X-inch—for adjusting reducing valve. 
627W —Box wrench—used on reducing valve bonnet. 

727W —Double end wrench—used on rudder rod turnbuckle. 
804W —Ventila ting accessory nipple—used on battery com- 
partment. 

825W —Socket wrench, male, %-inch square—used on air 
blowout pipe plug. 

MF 1 —Grease gun—used on exploder mechanism. 

MF IA —Grease adapter—used with MF 1. 

MF 2 —Lifting screw, %-inchX20-thread—used on exploder 
mechanism. 

MF 3 —Pin—used on exploder mechanism. 

MF 4 —Spanner wrench—used on exploder mechanism. 

MF 6 —Hook spanner—used in exploder mechanism. 

MF 7 —Impeller test tool—used in exploder mechanism. 

MF 8 —Legs for base piate—used on exploder mechanism. 
MF 15 —Exploder mechanism test fixture. 
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Insert the numbers, names, and uses, of new tools issued 
in the space provided below. 


HANDUNG GEAR 

This group includes the hoisting straps (fig. 5-7), the 
torpedo truck for moving torpedoes from one part of the 
shop to another (fig. 5-8), resting chocks for temporary 
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Figure 5-7.—Hoisting strap. 

stowage of torpedoes (fig. 5-9), and overhauling stands for 
holding each of the main sections of the torpedo during 
overhaul. 

ADJUSTING AND TESTING EQUIPMENT 

This group includes test stands for various parts of the 
torpedo. It includes test sets, test panels, and gages for 
testing the alignment and adjustment of various torpedo 
assemblies, and for making leakage tests of the exercise head 
and afterbody. 

The test panel shown in figure 5-10 is an example of the 
equipment in this group. You use it for testing pipe lines, 
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HIGH PRESSURE 
AIR OUTLET 


valve bodies, air releasing mechanisms, and other parts of 
the torpedo air system. You can set it up to deliver either 
high or low pressure air. 


WORKSHOP EQUIPMENT TOOLS 


Like the torpedo tools, all workshop equipment tools are 
numbered. Each number is preceded by the letters WE. 
These are the tools you use in fitting torpedo parts during an 
overhaul. They include measuring instruments for checking 
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Fisure 5-10.—Test panel. 


fNLCT VALVE 


REOUCER 


BLEEDER 


HIGH PRESSURE 
AIR SUPPLY 
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clearances and adjustments, sucli as feeler gages, plug gages, 
straightedges and scales, micrometer calipers, and microm- 
eter depth gages. 

This group includes special taps and dies for renewing 
damaged threads, lapping tools, reseating and refacing tools 
for renewing scratched or scarred surfaces, various clamping 
fixtures for holding the part you’re going to work on, and 
various guides to ensure proper alignment of the resurfacing 
tools. 

Figures 5-11 and 5-12 show typical male and female laps. 
To see how you use them, let’s say tliat you’re overhauling 
an assembly that consists of a piston and cylinder, or a rod 
and bushing. Let’s say that the female part—the cylinder 
or bushing—is in good condition. And let’s say that you’re 
going to fit a new male part—a new rod or piston. 

Your first step is to check the female part for burrs or 
scratches. If you find any, remove them by lapping lightly 
with the male lap and a thin film of lapping compound. 
Then clean both parts thoroughly. Turn the adjusting 
screws of the male lap until it fits the female part exactly; 
then measure its diameter with a micrometer caliper. 



Fisure 5-11.—Two types of male laps. 
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A0JUSTIN6 SCREWS 
(CONTRACTING) 


ADJUSTING SCREWS 
(EXPANDING) 


SPLIT CYLINDER LAP 

ADJUSTING SCREW 

ADJUSTING HOLDER 


Fi$ure 5-12.—Two types of female iaps. 


Select a new male part—the rod or piston—from stock. 
Measure its diameter. If itmore than 0.0025-inch over- 
size, turn it down to 0.0015-inch oversize on a lathe. Then 
apply a small amount of lapping compound and insert the 
part in the female lap. Tighten the adjusting screws for 
proper friction. Lap the new part, gradually tightening the 
adjusting screws. Remove the part frequently to measure 
its diameter. Continue lapping until it’s an exact fit. 

Chapter 4 of OP 1217 gives detailed instructions for using 
ali the WE tools. 

BENCH TOOLS 

This group includes bench equipment for general use in 
the torpedo overhaul shop, such as a lapping and polishing 
machine, bench drill press, arbor press, and lathe. 
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MEASURING INSTRUMENTS 


This group includes ali the measuring instruments not 
included in the torpedo tools and workshop equipment tools. 
Examples are the beam scale, spring balance, surface piate, 
surface gage, dial indicator, vernier calipers, combination 
square and level set, and inside micrometer calipers. 

HAND TOOLS 

This group includes the hand tools for torpedo overhaul 
that are not classified as torpedo tools or workshop equipment 
tools. 

DRILLS AND TAPS 

This group of tools includes ali the drills, taps, and dies 
necessary for general use in the torpedo overhaul shop. 

AIR PRESSURE FITTINGS 

This group of equipment includes all the piping, fittings, 
valves, and reducing valves necessary for installing the 
various testing outfits in the torpedo overhaul shop. 

MISCELLANEOUS 

The miscellaneous torpedo overhaul equipment includes 
oil stones, silver solder, oxyacetylene outfit, blow torch, elec- 
tric soldering irons, portable electric grease gun, battery 
charger, electric glue pot, etc. 


QUIZ 

1. Why are torpedo tools numbered? 

2. How do you know which tool to use for a given job? 

3. Why must you use each tool only for the job it was made to do? 

4. What three rules should you follow to make sure that each tool will 
be available when you need it? 

5. Look at the tools pictured in figure 5-1 through 5-6. See how 
many of them you can identify by name and use. 
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C H A P T E R 


EXPLOSIVES 

To a very large extent, Naval Ordnance is the Science of 
delivering quantities of explosives to the enemy and making 
them explode where they’11 do the most damage. We drop 
explosive bombs on enemy decks. We fire explosive pro- 
jectiles to penetrate enemy armor and explode inside the 
enemy ship. 

As a Torpedoman’s Mate, it will be your job to send torpe- 
does steaming toward an enemy’s ship. If youVe served on 
active duty as a TM 3 or striker, youVe already had a lot of 
experience with explosives. YouVe probably handled ex¬ 
plosive war heads, and helped to install them on torpedoes. 
YouVe probably watched a First Class or Chief Torpedo- 
man’s Mate install the exploder in a war head. On a de- 
stroyer, you may have used an explosive—black powder—to 
fire a torpedo from its tube. If youVe served aboard a sub- 
marine, youVe slept between masses of high explosive in the 
war heads of racked torpedoes. 

Why a separate chapter on explosives? We believe that 
when youVe learned the characteristics of the principal mili- 
tary explosives, and something about how they work, you’11 
handle them more skillfully and more carefully. 

DEFINITION 

What is an explosion? At first look, that seems like an 
easy question. An explosion is anything that goes bang. 
In a geheral, nonmilitary sense, that’s true. An explosion 
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is caused by the sudden expansion of gas, accompanied by 
noise. For example, what happens when you blow up a 
paper bag and then smack it with your fist? You compress 
the air in the bag until the bag breaks. Then the air ex- 
pands again, and you have a small explosion. 

And in the nonmilitary sense, a mixture of two gases .can 
sometimes explode. For example, hydrogen and air can 
form an explosive mixture. When you ignite this mixture, 
the reaction gives off gas and heat, and the heat makes the 
gas expand. (As we’ll explain in Volume 2 , electric torpe- 
does release hydrogen inside their battery compartments/ 
You’11 have to take special precautions to prevent an explo¬ 
sion.) 

A mixture of gasoline vapor and air can explode. Many 
years ago, the gasoline tanks of cars were so simple that 3^0 u 
could see the gasoline just by taking the cap off the tank. 
And from time to time people managed to kill themselves by 
striking a match to see how much gas they had. 

Your car runs by burning a mixture of gasoline vapor 
and air. But, under some conditions, this mixture will 
explode in the cylinders of your car. If you use a very 
cheap gas, the mixture will start to burn in the cvlinder when 
the spark plug ignites it. But as the mixture burns, the 
pressure inside the cylinder rises. And when the pressure 
reaches a certain point, the rest of the mixture explodes, 
making the motor “knock.” 

The difference between burning and exploding is pretty 
obvious. Both release energy. But the difference depends 
on the speed at which they release that energy. A pound 
of coal has a lot more energy than a pound of TNT. But 
a torpedo war head filled with coal would be a dud, because 
the coal can’t release its energy fast enough to cause an 
explosion. 

Except sometimes. Coal dust (or any other dust that 
can burn) can explode if it’s suspended in the air. Maybe 
youVe read about a dust explosion in a coal mine, or a 
flour mill, or a threshing machine. 
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None of the examples we’ve given—coal dust, a paper 
bag, and an air-gas mixture—are military explosives. Then 
what is a military explosi ve? It’s a substance that has all 
of the following characteristics: 

1. It’s intended to explode; it’s manufactured for that 
purpose. 

2. It’s a solid. (It could be a liquid, but no military 
explosive in use at the present time is a liquid.) When it 
explodes, all or most of the solid changes suddenly to gas, 
causing a sudden increase in pressure. 

3. The reaction suddenly releases heat, which further 
increases the pressure of the gas. 

4. The explosive doesn’t ha ve to be mixed with air or 
oxygen. If a military explosive needs oxygen, it contains 
its own. 

As you can see, coal dust doesn’t meet conditions 1 and 4; 
the air-gas mixture doesnT meet 1, 2, or 4; the paper bag 
doesn’t meet any of them. So they can’t be considered 
explosives in a military sense. But military explosives, such 
as black powder, smokeless powder, and HBX, meet all 
these conditions. 

Now let’s take time out for a quick look at history. 

Black powder is the first explosive there’s any record of, 
and for many centuries it was the world’s only explosive. 
It first appeared in European warfare some time after the 
year 1300. A few years earlier, the Arabs had used a mix¬ 
ture somewhat like black powder—but not as an explosive. 
The Arabs combined potassium nitrate, sulfur, and pitch to 
make an incendiary mixture; they used a catapult to hurl 
burning masses of this stuff through the air. 

The evidence isn’t ciear, but the Chinese probably used 
black powder long before the Europeans or the Arabs. But 
they used it mostly for making firecrackers. 

After the Europeans discovered that black powder could 
be used to fire a cannon, more than 300 years passed before 
somebody got the idea of putting it to peaceful uses, such 
as mining coal and blasting stumps. 

No new explosives appeared until a little over a hundred 
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years ago. It was in 1845 that Prof. C. F. Schoenbein, a 
German chemist, discovered guncotton. The professor 
found that nitrated cotton burns quietly in the open but, 
when confined in a small space, it can explode violently. 
(As you may remember, guncotton was one of the first high 
explosives to be used in torpedo war heads.) 

A year or so after Schoenbein^ discovery, an Italian 
chemist named Sobrero experimented with nitroglycerin. 
He found that even a small shock or jar would make it 
explode. Because of its sensitivity, there was little com- 
mercial use for nitroglycerin, and no military use at ali. 

But in 1866, Alfred Nobel of Sweden found that he could 
make nitroglycerin safe to handle by soaking it up in kiesel- 
guhr—a porous kind of earth. He called the mixture 
dynamite. Today there are many kinds of dynamite, but 
they all contain nitroglycerin soaked up in some porous 
substance. The various kinds of dynamite, although they 
now have little military use, are the most important of all 
commercial explosives. 

As weil explain later, black powder had many disad- 
vantages as a missile propellant. For one thing, it made 
big blobs of black smoke that blocked the gunner’s view of 
his target, and interfered with his aim for the next shot. 
For another, it fouled the gun barrel with unbumed par- 
ticles and glowing coals, which made reloading dangerous. 

So, as soon as chemistry started to become a Science, 
chemists began trying to make a smokeless powder that 
wouldnT foul the gun bore. The Prussians were the first 
to succeed. About 1865, they made a smokeless powder 
by treating sawdust with nitric acid, then mixing it with 
potassium nitrate. This mixture worked fine in shotguns, 
but it was much too powerful for rifles. A few years later, 
the Prussians found that they could make a low-explosive 
smokeless powder by treating their nitrated sawdust with 
ether and alcohol, making a sort of jelly. 

About 1884, the French produced the first practical mili¬ 
tary smokeless powder. They called it poudre B. It con- 
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sisted of nitrated cotton, gelatinized and mixed with paraffin 
or vaseline. 

In 1887, Nobel invented ballistite—a double-base smoke- 
less powder made of nitrated cotton and nitroglycerin. In 
the same year, the British began producing cordite. Cordite 
has the same ingredients as ballistite, but with some vaseline 
added. The British are stili using cordite as a propellant. 

Pierie acid was probably the first high explosive to be used 
extensively as a bursting charge. It was diseovered in 1771. 
But for over a hundred years it was used only as a yellow 
dye, before somebody found that it was a high explosive. 
Pierie acid was a favorite bursting charge of the Japanese in 
World War II. The American forces made extensive use of 
a related compound—ammonium picrate, better known as 
Explosive D. 

Most of the nitrated “aromatic” hydrocarbons, such as 
TNT, were developed shortly after 1900. TNT, either alone 
or mixed with other explosives, was widely used as a bursting 
charge in both World Wars. 

HBX, the explosive we now use in torpedo war heads, is 
almost brand new. It was developed during the Second 
World War. 

CHEMICAL NATURE OF AN EXPLOSION 

The Chemical reaction that takes place during an explosion 
can be either of two types, depending on the nature of the 
explosive. 

Black powder, for example, explodes by oxidation. As 
youVe probably heard, it*s a mixture of potassium nitrate, 
charcoal, and sulfur. All three are solids. To produce an 
explosion, you apply heat to the mixture. What happens? 
At the point where you apply heat, the potassium nitrate 
(KN0 8 ) gives up its nitrogen and part of its oxygen. The 
sulfur and charcoal combine with the oxygen to form sulfur 
dioxide, carbon dioxide, and carbon monoxide. All three of 
these are gases. 

In buming, the sulfur and oxygen release heat, which does 
two things. First, it increases the pressure of the gases. 
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Second, it spreads the reaction to all the nearby particles of 
powder. The reaction continues through the mixture, at the 
rate of several hundred feet a second, until all the powder 
has burned. 

Other explosives, such as TNT and nitroglycerin, have a 
different reaction. Each of these is a Chemical compound, 
rather than a mixture. But the molecules of the compound 
are highly unstable; you might say there’s a “tension” 
inside them. You start an explosion by applying a shock or 
a sharp jolt, rather than heat. 

When it gets jolted, the unstable molecule flies apart, 
releasing energy in the form of heat. It usually releases 
nitrogen and nitrous oxide, both of which are gases. It may 
also release oxygen, which combines with hydrogen and 
carbon in the molecule to form gases. The heat not only 
increases the pressure of the gases, but converts all the other 
Products of the reaction into gas. The sudden release of 
energy applies a jolt to all the nearby molecules, so that the 
reaction travels through the whole mass of explosi ve. (In 
TNT and other high explosives, the reaction travels through 
the mass at a speed of several miles a second.) 

You might compare an unstable molecule with a set rat 
trap. A set rat trap is highly unstable. When you apply a 
small jolt to the bait pan, the trap releases a much bigger 
jolt of energy. If you cover the floor of a room with over- 
lapping set rat traps, and spring one of them, the “explosion” 
would travel through the whole mass of traps with surprising 
speed. (We haven’t actually tried this, but it would be an 
interesting experiment for somebody with the necessary time 
and rat traps.) 

Some of the newer explosives are a mixture of unstable 
compounds with other substances. Torpex, for example, 
contains powdered aluminum. During the explosion, the 
aluminum combines with some of the oxygen that’s released 
by the unstable compounds. The burning aluminum puts 
out a terrific quantitv of heat, which greatly increases the 
pressure of the gases. 
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CLASSIFICATION OF MILITARY EXPUOSIVES 

There are several ways in which we conld divide military 
explosives into groups: by their composition; by the nature 
of their reaction; by their sensitivity; by the way we initiate 
the reaction; and by the way we use them in Service. 

Composition 

By composition, we can divide military explosives into 
two groups: explosive mixtures and explosive compounds. 

An explosive mixture always includes a substance that can 
burn (such as carbon or sulfur) and a substance that can 
supply the oxygenforburning (such as a nitrate or a chlorate). 
We can change the characteristics of the explosive, within 
limits, by changing the proportion of its ingredients. The 
most familiar example of an explosive mixture is, of course, 
black powder. 

An explosive compound has a fixed Chemical composition. 
So of course we can*t change its characteristics by changing 
the proportion of ingredients. (But both the degree of 
purity and the size of the particles affect its explosive 
characteristics.) 

To make these explosive compounds, the manufacturer 
usually starts with a hydrocarbon—an organic compound of 
hydrogen and carbon. He then makes the molecules un- 
stable by a process called nitration, which adds -N0 2 or 
-O-NO 2 groups to various parts of the molecules. (We’ll 
describe the nitration process a little later in this chapter.) 
Familiar examples of explosive compounds are TNT, cellu¬ 
lose nitrate (used in making smokeless powder), ammonium 
picrate, and tetryl. 

(There are a few explosives in common use that won’t 
fit in either of the above classes. For example, torpex is a 
mixture of explosive compounds with aluminum powder; 
dynamite is a mixture of nitroglycerin and sofne absorbent 
substance such as sawdust; and ballistite (used as a rocket 
propellant) is a mixture of nitroglycerin and cellulose 
nitrate.) 
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Nature of the Reaction 


By the speed at which the reaction takes place, we can 
divide military explosives into high explosives and low 
explosives. 

In a low explosive, the change to gas is comparatively 
slow; actually, it’s fast burning. We call this kind of 
reaction deflagration. In this reaction, the particles 
bum in rapid succession. The heat from one burning par- 
ticle ignites the unburned particles next to it, and so on 
until ali the explosive has burned. Black powder, smokeless 
powder, and ballistite are ali low explosives. 

When you set off a high explosive, its change to gas is 
extremely fast. We call this kind of reaction detonation. 
The first particles to explode send a shock wave through the 
whole mass of explosive, and the change to gas is almost 
instantaneous. Dynamite, nitroglycerin, TNT, HBX, and 
torpex are all high explosives. 

The violence of an explosion depends on how fast the 
explosive detonates, how much gas it produces, and how 
hot the gas is. The speed of detonation depends on the 
kind of explosive, how dense it is, and how tightly it’s 
confined. (For example, a thin layer of black powder in 
the open will burn without exploding. In the barrel of a 
torpedo tube, an impulse charge of black powder will burn 
fast enough to furnish the necessary push for firing the 
torpedo. But if it’s very tightly confined, black powder 
will sometimes detonate like a high explosive.) 

When a low explosive deflagrates, the hot gas gradually 
builds up pressure and applies a pushing force to anything 
around it. When a high explosive detonates, the pressure 
builds up so fast that it has a shattering effect, rather than 
a pushing effect. 

Here’s a term you may run across: The shattering effect 
of an explosion is often called brisance. A brisant 
explosive is one in which the pressure builds up rapidly. 
(Brisance may seem like a big word, but it isn% really. It 
just looks that way because it’s French.) 
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Sensitivity 

Explosives differ greatly in the amount of energy it takes 
to set them off. The most sensitive explosives will detonate 
if you give them a small jolt; the least sensitive will absorb 
a lot of punishment without detonating. 

A good example of an insensitive explosi ve is ammonium 
picrate (Explosive D), which we use to fili armor-piercing 
projectiles. An armor-piercing projectile must not explode 
until it’s detonated by its fuze, after it has penetrated the 
enemy armor. Ammonium picrate is insensitive enough to 
resist the shock of firing from a gun, and the shock of impact 
against armor piate. But $hen it does go off, it’s almost as 
powerful as TNT. 

Fulminate of mercury is an example of a highly sensitive 
explosive. The snap of the firing pin in a torpedo exploder 
is enough to set it off. 

At one time it was believed that the energy released by 
an explosive was proportional to its sensitivity, and that the 
most sensitive explosives were the most powerful. But that 
isn’t true. Some of the most powerful explosives are among 
the least sensitive. HBX, for example, is a powerful explo¬ 
sive, but it usually takes a severe shock to make it detonate. 

When w r e select an explosive for any special purpose, 
sensitivity is an important thing to think about. The main 
charge in a torpedo war head must be fairly insensitive, so 
the torpedo will be reasonably safe for you to handle. A 
booster charge must be more sensitive than the main charge. 
And a primer or a detonator must be quite sensitive, so that 
a fairly small shock will start the explosion. 

On the other hand, even primers and detonators can’t be 
too sensitive. They must be safe to handle and, in a torpedo, 
they must resist the shock of firing from the tube. A few 
explosives are too sensitive to be of any military use at ali. 
Nitrogen tri-iodide, for example, is so sensitive it will explode 
if you touch it. 

Method of Initiating the Explosion 

The two most common ways to initiate an explosion are 
by heat and by shock. 
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We use heat to initiate the low explosives used for pro- 
pellants and impulse charges. In guns, torpedo tubes, and 
depth charge projectors, the flash of flame from a primer 
provides the heat. Only the most sensitive of the high 
explosives can be detonated by heat alone. To initiate the 
high-explosive charges of projectiles, torpedoes, and depth 
charges, we apply a strong, sudden shock. To provide the 
shock, we use a smaller charge of a more sensitive high 
explosive, either in contact with the main charge or very 
near it. The smaller charge can be detonated by heat, or 
by the shock of a firing pin. 

Some Navy publications list*a third way to initiate an 
explosion: by influence. You can sometimes detonate a 
charge of high explosive by exploding another charge near 
it. In that case, we say that the second charge explodes by 
sympathetic detonation. (But of course it’s the shock 
provided by the first explosion that causes the second one.) 

The distance at which a sympathetic explosion can occur 
depends on several things: first, the amount and brisance of 
the first explosive; second, the sensitivity of the second 
explosive; and third, the materia! that lies between the two 
charges. For example, the shock wave will travel a con- 
siderable distance through steel, a shorter distance through 
water, and not very far at ali through air. 

Service Use of Explosives 

We can further classify military explosives by the way we 
use them in Service. We can divide them into four classes: 
Propellants and impulse explosives 
Disrupting explosives 
Auxiliary explosives 
Initiating explosives 

We use propellants and impulse explosives when we want 
to apply a fairly steady push —for example, when we fire a 
projectile from a gun. We want the pushing force to con¬ 
tinue as long as the projectile is in the bore. So we use a 
low explosive—smokeless powder. For the impulse charge 
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in torpedo tubes and depth charge projectors, we use black 
powder, another low explosive. 

We use a disrupting explosive when we want to shatter 
something. For example, when we fire a projectile at an 
enemy aircraft, we aren’t interested in a push. We want the 
projectile to shatter into lethal fragments. And when we 
send a torpedo against an enemy ship, we aren’t trying to 
push the enemy ship; we’re trying to blow a hole in it. So 
we use a disrupting explosive. 

All the disrupting explosives are high explosives, such 
as TNT, RDX, HBX, and torpex. 

We must choose explosives carefully, so that each will do 
the job we want it to. A charge of low explosive may release 
just as much energy as a charge of high explosive, but there’s 
a big difference in how fast they release it. Here’s an example 
of what we’re talking about. Let’s say that your car is 
stalled with a dead battery, and you ask a friend for a push. 
What you want is a steady push, applied over a distance of 
20 or 30 yards, so you can accelerate to starting speed. 
Your friend could apply the same amounf of energy to your 
car by crashing into the back of it at 50 miles an hour, but 
that wouldn’t help you get started. 

For the same reason, you wouldn’t use TNT for an impulse 
charge in a torpedo tube. If you did, it would crush the 
torpedo afterbody, and blow the barrel of the torpedo tube 
to bits. You’d probably think twice before you tried it 
again. 

As we explained earlier, you have to apply energy to make 
an explosive charge explode. For that purpose we use an 
initiating explosive. To ignite a propellant, we need a flame; 
to detonate a disrupting charge, we need a shock. We often 
use fulminate of mercury as an initiator for both propellants 
and disrupting charges, because it produces both a shock and 
a flame. 

The device we use to ignite a propellant is called a primer. 
A common type of primer is a small Container that holds a 
pellet of fulminate of mercury and a small charge of black 
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powder. When you fire it, it produces a long spear of flame 
that ignites the propellant. 

The device that sets off a high explosive charge is called 
a detonator. It usually contains a charge of lead azide or 
fulminate of mercury, either alone or combined with granular 
TNT or tetryl. When it’s fired, it provides the shock that 
detonates the main charge. 

With a big charge of propellant explosive, or with rela- 
tively insensitive high explosives such as-TNT, we need an 
auxiliary explosive between the initiator and the main charge. 
The auxiliary explosive provides enough heat or shock to 
make sure the main charge goes off properly. The interme- 
diate charge we use with propellants is called an ignition 
charge; it consists of granular black powder. With high 
explosives, the intermediate charge is called a booster. It 
consists of a moderately sensitive high explosive, such as 
granular TNT or tetryl. 

CHARACTERISTICS OF COMMON MILITARY EXPLOSIVES 

In this section wVll list some of the most common military 
explosives, and teli you some of their characteristics. Many 
of them are the explosives youll actually handle, either as 
impulse cliarges or in the warhead, booster, or detonator of 
torpedoes. But weVe included a few others in the list, just 
to give you some background information on other explosives 
the Navy uses. The list is in alphabetical order, so you can 
use it for reference later on. 

Amatol is a high explosive, made by mixing TNT and 
ammonium nitrate in various proportions. The Navy has 
used it from time to time as a bursting charge for projectiles. 
A 50-50 mixture is just as powerful as TNT, and it’s cheaper. 
Its chief disadvantage as a projectile filler is that it makes 
practically no smoke. A TNT explosion produces a cloud 
of black smoke, which makes spotting easy. In wartime, 
if there were a shortage of other high explosives, the Navy 
could use amatol as the main charge in torpedo warheads. 

Ammoxium nitrate is a high explosive. The Navy 
hasn’t much use for it, except in making amatol. But it 
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has extensive commercial use in various kinds of dynamite. 
Ammonium nitrate is very insensitive, and it takes a power- 
ful shock to set it off. But it’s a powerful explosive just 
the same. You may remember the series of explosions in 
Texas City a few years back. They started when a shipload 
of ammonium nitrate blew up. 

Ammoxium picrate. (See Explosive D.) 

Ballistite is a low explosive mixture, of almost equal 
parts cellulose nitrate and nitroglycerin. It was one of 
the first military smokeless powders, and at one time it was 
widely used as a propellant. But as a propellant, it causes 
serious erosion of the gun bore. The Navy no longer uses 
it, except as a rocket propellant. It’s very useful for that 
purpose, since it burns evenly and uniformly at the low 
pressures developed in a rocket motor. 

Black powder is a low explosive mixture that burns very 
fast when it’s confined, even slightly. Until less than 100 
years ago, it was the universal military explosive. It served 
not only as a propellant, but also as the bursting charge for 
projectiles and torpedo war heads. 

Black powder is now obsolete for both these uses. As a 
bursting charge, it burns too slowly; as a propellant, it 
burns too fast. The upper picture in figure 6-1 shows a 
profile of one of the old-time guns that used black powder. 
The breech end of the barrel had to be thick, to keep the 
sudden force of the explosion from breaking it. And the 
barrel had to be short; the gas from a black powder explosion 
can’t maintain its pressure for any great distance of projectile 
travel. 

The lower half of figure 6-1 shows the profile of a newer 
gun. Since smokeless powder burns more slowly than black 
powder, the thick breech is no longer necessary. And the 
barrel is much longer. 

But the Navy stili uses black powder for some special 
purposes. You can change the burning speed to some extent 
by changing the size of the grains. The bigger they are, 
the slower they burn. 

At the present time, the Navy uses five different sizes 
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of black powder grains. The largest of these are sphero- 
hexagonal (6-sided grains with rounded ends). The next 
size is called cannon powder. We use it as an ignition 
charge for turret-gun powder bags. There are three smaller 
sizes. We use them—either alone or combined with other 
explosives—as burster charges for certain special projectiles, 
in primers, and in fuze delay trains. 




Figure 6-1.—The old and the new look in gun-barrel profiles. 


If you keep it dry, black powder will remain stable almost 
forever. Moderately high temperatures don’t affect it. 
But black powder deteriorates when it’s damp. If you find 
an impulse charge that's damp or wet, consider it unservice- 
able; don’t try to use it. 

Black powder, when it’s exposed, is probably the most 
dangerous explosive you 11 find aboard a Navy ship. It’s 
extremely sensitive to shock, friet ion, and sparks—including 
sparks too small to seo. If you spill black powder on the 
deck, you can ignite it by walking on it. Fortunately, 
youll liave no reason to handle loose black powder. The 
impulse charges you 11 use are already made up in sealed 
cases. 

This isn’t very likely to happen, but if by some chance 
you should break the case of a tropedo impulse charge and 
spill the powder, you 11 have a dangerous situation on your 
hands. If there^ a roeket launcher firing nearby, you 11 
have a full-sized emergency. Wliat can you do about it? 
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Wet the powder immediately, scoop it up, and heave it 
overboard. Then wash the deck thoroughly. 

Blasting gelatin is a translucent, rubbery substance. 
It has the same ingredients as ballistite, but in very different 
proportions: It’s about 93 percent nitroglycerin and 7 per- 
cent cellulose nitrate. Blasting gelatin is the most powerful 
of all the industrial explosives. It has no military use, except 
in special demolition jobs. 

Cellulose nitrate is the correct Chemical name for this 
explosive, although you’ll often hear it called nitrocellulose. 
It’s the principal ingredient in smokeless powder, and it’s 
the basis of most gun and rocket propellants. 

Cellulose nitrate is manufactured by soaking cellulose in 
a mixture of about one part nitric acid to two parts sulfuric 
acid. The cellulose is usually in the form of cotton. (But 
during the First World War the Germans ran out of cotton, 
and successfully used wood pulp instead.) 

The degree of nitration depends on how long you leave 
the cotton in the acid. But the longer you soak it, the 
smaller the yield; if you leave it in too long, it will dissolve 
completely. So the manufacturer always removes the cotton 
from the acid before it’s completely nitrated. The resuit 
is a mixture of various nitrates, rather than a single com- 
pound. 

Cellulose nitrate is usually designated by its percentage 
of nitrogen, rather than by its Chemical formula. Here are 
three commercial terms that refer to various degrees of 
nitration: 

Percent nitrogen 

Guncotton._ 13.0 or more 

Pyrocotton_ 12.6 

Collodion cotton_ 11.2 to 12.2 

In the manufacture of smokeless powder, the Navy uses 
pyrocotton. Pyrocotton is chemically unstable when it con- 
tains acid. So, after nitration, the manufacturer removes 
the acid in centrifugal wringers. Then he washes and boils 
the pyrocotton for more than 50 hours before it’s ready for 
the next step. 
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Composition A, B, C. (See RDX.) 

Cordite is a smokeless powder; it/s the Standard British 
propellant. Cordite is cheaper than our smokeless powder, 
and it has a more uniform action in the gun. But we don’t 
use it because it quickly wears away the gun bore. 

Cordite is a mixture of nitroglycerine, nitrocellulose, and 
vaseline, colloided with acetone. During its manufacture, 
it’s extruded in long cords which can be cut into grains of 
any desired length. 

Dynamite is too sensitive for military use. We rarely 
use it even for demolition work, because a stray rifle bullet 
could make it detonate. 

Nobel made his original dynamite, you remember, by 
soaking up nitroglycerin in porous earth. But the earth, of 
course was an inert ingredierxt. Modern dynamites are more 
powerful. They are made by absorbing nitroglycerin in some 
combustible material such as sawdust, or cornmeal, or starch, 
with a nitrate added to provide oxygen for combustion. 

Explosive D (ammonium picrate) comes in the form of 
red or yellow crystals. It’s almost as powerful as TNT, 
but not nearly as sensitive. That makes it useful as a 
burster charge in armor-piercing projectiles and armor- 
piercing bombs. (A projectile gets a very severe shock when 
it strikes armor piate. But, to be effective, it must not 
detonate because of that shock. It must be detonated only 
by its fuze, after the projectile has penetrated the armor.) 

Why don’t we call Explosive D by its right name? Be¬ 
cause for a long time its composition was secret, and we 
spoke of it only in code. 

Fulminate of mercury (mercury fulminate) is a yellow- 
ish-white crystalline powder. It’s the most sensitive explo¬ 
sive in common Service. We use it for only one purpose: to 
initiate the action of other explosives, either directly or 
through an auxiliary explosive. 

Guncotton. (See Cellulose nitrate.) 

Gunpowder. (See Black powder.) 

HBX is one of the newest explosi ves in Service use; it was 
developed during the Second World War. It combines the 
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best features of TNT and torpex; it’s nearly as powerful as 
torpex, and it has the iow sensitivity of TNT. In most 
underwater ordnance, HBX has now replaced both torpex 
and TNT. Its exact composition is stili confidential, but 
we’ll give you a hint. Chemieally, it’s a lot like torpex. 

Lead azide is a crystalline'powd er; its color varies from 
white to buff. Like fulminate of mercury, it’s used only to 
initiate the action of other explosives. But it’s more power¬ 
ful than fulminate of mercury, and less sensitive. For some 
uses, especially in the fuzes of large armor-piercing projec- 
tiles, it has replaced fulminate of mercury completely. 

Mercury fulminate. (See Fulminate of mercury.) 

Nitrocellulose. (See Cellulose nitrate.) 

Nitroglycerine is a pale yellow, oily liquid, a little 
heavier than water. Its correct nsme is glyceryl trinitrate, 
but that name isn’t used very often except in chemistry 
books. Nitroglycerin is easy to make. And after you make 
it, it’s even easier to blow yourself to pieces with it. Some 
experimenters say it takes a smad jolt to detonate nitro¬ 
glycerin; others report that ali it takes is a dirty look. 

You can make nitroglycerin by stirring glycerin into the 
usual nitrating mixture—one part nitric acid to two parts 
sulfuric. The stirring must be very gentle. At any stage 
in the process, a little unnecessary roughness will cause deto- 
nation. And the Container in which you do the nitrating 
must be surrounded by a cooling water bath, to keep the 
temperature from rising to the detona ting point. 

The nitroglycerin floats on top of the nitrating acids. It 
can be skimmed off, washed in several changes of water, and 
then dried. 

Nitroglycerin has no military use, except in the manufac- 
ture of double-base smokeless powders such as ballistite and 
cordite. In commercial use, it’s extremely important in the 
manufacture of dynamite. 

As a liquid explosi ve, nitroglycerin has only two uses that 
we know of. It’s sometimes used for “shooting” an oil well. 
The drillers lower a large metal or glass containe", filled with 
nitroglycerin, to the bottom of the well, and detonate it 
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there. The explosion sha tters the surrounding rock, so that 
oil can flow to the pipe. The drillers carry nitroglycerin 
to the oil wells in trucks, but the men who drive the trucks 
can’t buy life insurance. 

Professional safe crackers find nitroglycerin very useful. 
They call it “soup.” To make “soup,” the safe cracker soaks 
commercial dynamite in hot water until the nitroglycerin 
oozes out. 

Most high explosives, detonated on the outside of a strong 
safe, won*t have much effect. But nitroglycerin is different. 
Here’s how you use it to blow a safe. First, you seal up 
the cracks along the sides and bottom of the door with wax. 
Then you build a little wax dam just under the crack at 
the top of the door. When you pour nitroglycerin into the 
dam, it will flow into the crack, all the way around the door. 

When it detonates, it will blow the door off. 

PETN is a white or pale buff granular powder. Its Chem¬ 
ical name, in case you're interested, is penta-erythritol-tetra- 
nitrate. It's one of the most powerful of all modern high 
explosives. The Navy sometimes uses it in detonating and 
priming mixtures. During the Second World War, a mixture 
of 70 percent PETN and 30 percent TNT was sometimes 
used as the main charge for mines and torpedoes. 

Picric acid (tri-nitro-phenol) comes in the form of pale 
yellow crystals. It was probably the most important pro- 
jectile-bursting charge used during the Spanish-American 
War and the First World War. Since its melting point is 
too high for safe casting, it was usually mixed with other 
explosives to lower the melting point. When it was used 
alone, it was press-loaded in the projectile cavity. If you 
do a lot of reading about Naval history, you may come 
across a reference to picric acid by some other name. The 
British call it lyddite. The French name is melinite; the 
Japanese name is shimose; the Italian name is pertite. 

Pyrocotton. (See Cellulose nitrate.) 

RDX is manufactured in the form of white crystals. It's 
a powerful high explosive, of greater brisance than TNT. 
Other names for it are cyclonite and hexogen. Its Chemical 
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name is tri-methylene-tri-nitramine. In its pure form, it’s 
too sensitive for military use. During manufacture, the 
crystals are coated with beeswax to reduce their sensitivity 
enough to make them safe for handling. The waxed crystals 
must be mixed with some less sensitive explosive before 
theyTe safe for Service use. 

The Navy uses four different mixtures containing RDX: 

1. Composition A is a mixture of about 91 percent RDX 
with 9 percent wax. This mixture has about the same sensi¬ 
tivity as Explosive D, but it’s more powerful. It is beginning 
to replace Explosive D as a projectile filler. 

2 . Composition B is a mixture of about 60 percent RDX 
with 40 percent TNT, and less than 1 percent wax. It’s 
used for filling projectiles and bombs. 

3 . Composition C is a mixture of about 90 percent RDX 
with 10 percent oil. This mixture is plastic—you can mold 
it by hand into any shape you want. It’s often useful in 
demolition work, since you can mold it around the object 
you want to destroy. 

4. Torpex is a powerful explosive that was developed and 
used during World War II. It’s a mixture of Composition B 
and powdered aluminum. Since the burning aluminum pro¬ 
duces a tremendous amount of heat, torpex is far more 
powerful than TNT. Its principal disadvantage is its sensi¬ 
tivity. It canT be used as a projectile filler, since the shock 
of gunfire is liable to detonate it. During World War II 
it was used in mines, in aircraft depth bombs, and in the 
war heads of aircraft and subiharine torpedoes. In most 
underwater ordnance, it has now been replaced by HBX. 

Smokeless powder is a low explosive; it’s the Standard 
propellant for ali Navy guns. It comes in the form of 
cylindrical grains, with one or more perforations running 
the length of the grain to increase its burning rate. Wlien 
theyTe fresh, the grains are gray or buff colored, with a 
translucent, horny appearance. Older powder may be brown 
or black. 

Chemically, smokeless powder is cellulose nitrate, colloided 
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with ether and alcohol. (See the paragraphs on cellulose 
nitrate, earlier in this list.) 

The manufacturer of smokeless powder, after washing and 
boiling the pyrocotton, extracts as much water as possible 
by passing it through wringers. He then adds alcohol, to 
extract the remaining water. After removing the excess 
alcohol, he adds the proper amount of ether. The ether and 
alcohol, working together, soften the pryocotton into a col- 
loidal mass. This soft material is then extruded in the form 
of perforated rods, which are cut into grains of the desired 
length. These grains of smokeless powder must dry for 
several months before they’re ready for Service use. 

Tetryl comes in the form of vellow crystals or granules. 
Its Chemical name is a mouthful: tri-nitro-phenyl-methyl- 
nitramine. It*s a high explosive, more powerful and more 
sensitive than TNT. The Navy uses tetryl extensively as a 
booster, especially in mines and torpedo war heads. A mix¬ 
ture of tetryl with fulminate of mercury is sometimes used 
as a detonator. 

Torpex. (See RDX.) 

TNT (tri-nitro-toluene) is probably the most familiar of 
ali military high explosives. Its manufacture is a long and 
complicated process, but basically it consists in nitrating 
toluene (a liquid hydrocarbon, somewhat like benzene) in 
the Standard mixture of nitric and sulfuric acids. When it’s 
extremely pure, TNT is a white crystalline substance. When 
impurities are present, its color varies from yellow to dirty 
brown. 

As a military high explosive, TNT has several advantages. 
If you protect it from moisture and extremely high temper- 
atures, it’s chemically stable; you can store it for years with- 
out any Chemical change. And, compared with most high 
explosives, it’s relatively insensitive and safe to handle. 

Another advantage is its low melting point. It can be 
melted and poured into projectile cavi ties and torpedo war 
heads, where it will harden when it cools. In its cast form, 
TNT is hard to detonate; it needs a powerful booster of tetryl 
or granular TNT. 
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In torpedo war heads, TNT has now been replaced by the 
more powerful HBX. But even when the main charge is 
HBX, you’11 often find a layer of cast TNT at the after end 
of the war head, to help hold the HBX in place. 

The cast TNT in torpedo war heads contains a number of 
impurities, mostly other nitrates of toluene. When you 
expose cast TNT to high temperatures, or to direct sunlight, 
these impurities ooze out in the form of a dark-brown oily 
liquid. We call this liquid TNT exudate. It isn’t likely to 
escape from a torpedo war head unless the war head has been 
damaged in some way. But even so, it’s a good idea to watch 
out for it in your regular inspections. 

TNT exudate is both a fire hazard and an explosion hazard. 
If you find it, scrub it up with water and a bristle brush, 
then flush it away with a plenty of water. If it has hardened, 
dissolve it in alcohol and flush it away with water. (In a well 
ventilated space you can use carbon tetrachloride instead of 
alcohol. But don’t use carbon tetrachloride in an enclosed 
space. Its vapor is very toxic.) Don’t try to scrape up the 
exudate; it’s liable to explode if you do. And never use soap 
or alkalies to clean it up; they combine with it to form 
dangerous, sensitive compounds. Never let the exudate 
come in contact with wood; it will soak into the wood and 
form a dangerous explosive. If you have to use rags to clean 
up the exudate, then treat them as explosive substances. 
Get rid of them promptly. 

Tri-Nitro-Phenol. (See Pierie acid.) 

Tri-Nitro-Phenyl-Methyl-Nitramine. (See Tetryl.) 

Tri-Nitro-Toluene. (See TNT.) 

SAFETY PRECAUTIONS 

Military explosives are made for one purpose—to explode. 
It’s part of your job to see that they explode where they’11 
damage the enemy, not where they’11 damage us. And 
observing the safety precautions yourself is only a part of 
your responsibility. It’s also part of your job to see that 
ali the men working under your supervision observe them, too. 
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In chapter 12 of volume 2 we’ll give vou some safety rules, 
and suggest some references for you to read. 


QUIZ 

1. How does a black-powder explosion differ chemically from a TXT 
explosion? 

2. How does the action of a low explosive differ from that of a high 
explosive? 

3. What is brisance? Which of the following—black powder, smoke- 
less powder, TNT—is the most brisant? Which is the least brisant? 

4. Try to list the following explosives in the order of their sensitivity, 
with the most sensitive first: fulminate of mercury, Explosive D, 
tetryl, TNT, lead azide. 

5. Many organic Chemicals, such as starch, cellulose, benzene, phenol, 
glycerin, and toluene, can be made into high explosives by treating 
them with a. nitrating solution. What does this nitrating solution 
consist of? 

6. What are the principal disadvantages of black powder as a gun 
propellant? 

7. The left-hand column below lists some Service explosives. The 
right-hand column lists several ways in which explosives are used. 
Match each explosive with its present use in the Navy. 

ballistite booster 

black powder main charge in torpedo war heads 

Explosive D gun propellant 

Composition C filler for armor-piercing projectiles 

tetryl torpedo impulse charges 

lead azide primers and detonators 

smokeless powder demolition 

HBX rocket propellant 

8. What precautions must you observe in cleaning up TNT exudate? 
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C H A P T E R 



THE TORPEDO HEAD SECTION 

When you fire a torpedo at an enemy ship, the head section 
of the torpedo is a war head. It contains the high explosive 
charge, and the exploder that sets it off when the torpedo 
reaches the target. 

For an exercise run, you remove the war head and replacc 
it with an exercise head. The exercise head has the same 
size and shape as a war head. But it contains no explosive 
charge, and no exploder. To help give the torpedo the same 
running c harae teristics it would have during a war shot, you 
fili the exercise head with water or a Chemical solution. 

WeVe divided this chapter into three sections: one eacli 
on war heads, exercise heads, and exploders. 

WAR HEADS 

/ 

The war head is the torpedo^ reason for existing. In a 
sense, the rest of the torpedo is just an accessory. The rest 
of the torpedo has only one job—to carry the war head to 
its target. 

War heads come in several sizes, but in only two basic 
shapes. Figure 7-1 shows both these shapes in profile. The 
war head at the top of the picture is cylindrical except for 
its nose, which is hemispherical. The after end of the other 
one is cylindrical; its forward end is ogival. (The picture 
sliould make it ciear what an ogival shape is like, even if it’s 
hard to explain. The dictionary savs an ogive is a “pointed 
arch.”) 
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Fisure 7-1.—Profiles of two shapes of war heads. 



Fisure 7-2.—Charactcristics of torpedo war heads. 
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Torpedoes of the Mk 13 type take cylindrical war heads 
with hemispherical noses. All the other torpedoes in common 
use take ogival war heads. 

All war heads have a nose piece or nose ring at the forward 
end, to make them easier to handle. 

Figure 7-2 is a table that shows the characteristics of the 
war heads youVe most likely to work with. (The table isn’t 
complete, of course. WeVe left out seveval mods of tor¬ 
pedoes, and several mods of war heads; you can find their 
dimensions, when you need to know, in the OPV) You 
don’t have to memorize the figures in this table—at least 
not now. WeVe printed them here to show you the range 
in size and weight of the various war heads, and the weight 
of the explosive charges they carrv. 

Figures 7-3 to 7-5 show three typical war heads. The 
war head for the Mk 14 and Mk 23 torpedoes is so much like 
the ooe for the Mk 15 (fig. 7-4), that we could almost use 
the same picture for both of them. But there are two 
important differences. The war head for the Mk 14 torpedo 
is a little shorter than that of the Mk 15. And the ballast 
weight of the Mk 14 is at the after end of the war head shell, 
instead of just abaft the exploder cavicy. 

At a naval loading activity, they put the main charge 



BULKHEAD 


BALLAST 


Fisure 7-3.—War head for MIc 13 torpedo. 
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MECHANISM CASING 


BALLAST 


Fi gure 7-4.—War head for Mk 15 torpedo. 



Figure 7-5.—War head for Mk 18 torpedo. 


in the torpedo war head by melting the explosi ve and pouring 
it into the war head shell. - When it cools and solidifies, the 
cbarge forms a solid mass. And to a large extent that solid 
mass of explosive helps to strengthen the war head shell. 

Notice, in the pietur es, that the explosive charge does not 
completely fili the war heads of Torpeddfes Mk 13 and Mk 18. 
And notice also that boch these war heads ha ve rings to 
help strengthen the war head shell. In ali the other war 
heads the case explosive filis the shell, and no strengthening 
rings are necessary. 
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As you can see in figures 7-3 to 7-5, all war heads (except 
those for Mk 18 torpedoes) carry ballast weights at tlie 
bottom of the war head shell. (Torpedoes Mks 14 and 23, 
which aren’t pictured here, carry tliem too.) These ballast 
weights have an important function. They help give the 
torpedo the necessary “pull around” to keep it running on 
an even keel. 

Why must a torpedo run on an even keel? There are 
several good reasons. For one, a torpedo that’s listing 
badly is almost sure to wander off course and miss its target. 

You remember that the depth mechanism keeps the 
torpedo running at the depth } 7 ou set, and the gyro mech¬ 
anism keeps it on course. Now let’s see what would happen 
to a torpedo that made its run with a strong list to starboard. 
Let’s say that the gyro mechanism applies right rudder 
to correct the course. What happens? The torpedo will 
turn to the right, of course. But because the vertical 
rudders are slanted, it will also turn down. Then the 
depth mechanism will take over, and apply up rudder. 
But because the horizontal rudders are slanted, the torpedo 
will turn to the right. The two control mechanisms will 
fight each other throughout the torpedo run, and the torpedo 
wull have a slim chance of hitting its target. 

If you take another look at figure 7-3, you’11 see that the 
ballast weight in the Mk 13 is small. If you study the pic- 
tures carefullv, maybe you can figure out why the Mk 13 
can get by with a smaU weight. While they pour the melted 
explosive into the Mk 13 war head, they hold the war head 
shell at an angle. And the explosive cools and hardens at an 
angle. When the war head is horizontal, as in figure 7-3, 
there’s more explosive below the torpedo center line than 
there is above it. So the explosive itself serves as ballast. 

In the war head of the Mk 18 torpedo (fig. 7-5) there’s 
no ballast weight at all. Why? The explosive is cast on a 
slant, as you can see. But thafs not all. The Mk 18, you 
remember, is an electric torpedo, and carries a heavy storage 
battery. Since the battery is mounted below the center line 
of the torpedo, it serves as ballast. 
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As you can see in the illustrations, every war head has an 
exploder cavity. This cavity is completely set off from the 
rest of the war head by a watertight exploder casing. The 
exploder cavity holds the exploder mechanism that sets off 
the main charge when the torpedo hits its target. 

Around the opening at the bottom of the exploder cavity 
is a flange with tapped holes. When you mount an exploder 
in the cavity, you secure the exploder base piate to the mount- 
ing flange with screws. When the exploder is not in place, 
you cover the opening with a sheet-metal piate, screwed to 
the same flange. And with either the exploder or the cover 
piate, you always use a gasket over the flange to keep the 
exploder cavity watertight. 

The exploder base piate is curved to match the surface of 
the war head. That means, of course, that no single exploder 
can fit ali torpedoes. (If you’11 look back to figures 7-3 
to 7-5, you’11 see that the exploder opening of the Mk 18 
is on a cylindrical surface. The opening of the Mk 13 is on 
a surface thafs partly cylindrical and partiy hemispherical. 
The exploder openings of the otlier torpedoes ere on ogival 
surfaces.) Later on, we’11 teli you which exploders fit which 
torpedoes. 

Ali war heads except those for the Mk 13 and Mk 18 tor¬ 
pedoes have a pair of core rod tubes. (They may be omitted 
from some of the future mods.) These two hollow tubes are 
in line with each other, and parallel to the torpedo center line. 
The forward tube extends to a fitting in the nose of the war 
head. A threaded plug seals the fitting. A filler piece fits 
over the plug and closes the opening, to give the nose a smooth 
unbroken surface. 

Most of the time, the core rod tubes have no use at ali. 
They were put there to form a housing for the core rod—an 
important part of the influence exploder. (We’11 teli you 
more about influence exploders in the last section of this 
chapter.) 

W T ar head shells for the Mk 13 and Mk 18 torpedoes are 
made of Steel. All the otlier war heads are made of phosphor 
bronze. Why use bronze, when Steel is cheaper and stronger? 
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Maybe youVe guessed the answer. The bronze sheils make 
it possible to use magnetic influence exploders. Tkey won’t 
work if they’re surrourded by a shell of Steel. 

Riveted to the after end of each war head is a joint ring. 
(You can see it clearly in figure 7-5.) Around the outer 
edge of the ring are 26 obliquely drilled holes. Tliese holes 
are tapped to receive the joint screws with which you secure 
the war head to the next section of the torpedo. (In the 
Mk 18, the next section is the battery compartment. In 
the others, of course, it’s the air flask section.) 

Around the inner edge of the joint ring is a flange that 
forms a seat for the bulkhead. On this flange are 52 tapped 
holes to receive the bulkhead bolts. There^ a rubber 
gasket between the bulkhead and the flange to make the 
joint watertight. Besides the untapped bolt holes, the 
bulkhead has three tapped holes. By screwing a special tool 
into these holes you can break the bulkhead joint, even 
when the bulkhead is tightly stuck to the gasket and flange. 
To keep water out, each of these three holes is covered with 
a small Steel piate.- The regular bulkhead bolts on each 
side hold these plates in place. 

When you’re shipping or stowing a war head, you attach 
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a steel protecting ring over the joint ring, to protect it from 
damage. 

Figure 7-6 is a table that sliows the major differences 
between the principal types of war heads. 

EXERCISE HEADS 

Every torpedo gets one or more test shots before it’s 
issued to a figliting ship. It’s likely to make several runs 
during firing practice and target practice. Obviously, the 
war liead can have no part in a test shot or a practice shot. 
You have to remove the war liead and replace it with an 
exercise head. 

An exercise shot has three special requirements. First, 
you want the torpedo to have the same running character- 
istics it will have during a war shot. Second, you want the 
torpedo to be intact and undamaged at the end of its run. 
Third, you must be able to find the torpedo at the end of its 
run, and bring it back. 

The various features of the exercise head make it possible 
to meet these requirements. 

For each type of torpedo, the exercise head has the same 
shape, length, and diameter as the war head it replaces. 
Every* exercise head is provided with liquid ballast. In 
addition, all exercise heads except those for the Mk 18 tor¬ 
pedo have lead ballast weights. The ballast of the exercise 
head is designed to give the torpedo the same trim, balance, 
and “pull around” that it would have with a war head. 

For most torpedoes the exercise head, when it’s filled 
with liquid ballast, has the same weight as the war head. 
(The exercise head for the Mk 18 torpedo is a little lighter 
than the war liead. But since you use a lighter battery 
compartment too, the balance and trim of the torpedo are 
unchanged.) 


Exercise Head Construction 

All exercise heads are made of steel (except war exercise 
heads, which we’11 discuss later). Like war heads, all exer- 
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cise heads have a nose piece or nose ring at the forward end. 

Since exercise heads have no explosives to strengthto 
them, they’re all provided with strengthening rings. The 
number varies with the length of the head. 

Figures 7-7 and 7-8 show two types of exercise heads. 
The head for the Mk 15 torpedo (fig. 7-8) shows the con- 
struction that’s typical of most exercise heads. The exer¬ 
cise head for the Mk 13 torpedo (fig. 7-7) differs from all 
the others in several ways. For example, it’s the pnly one 
with two bulkheads. All the others hava.a single bulkhead 
at the after end. k 

The Mk 13 torpedo is designed to be dropped from an 
aircraft at a height of several hundred feet. And it strikes 
the water nose first. Obviously, the nose of its exercise head 
needs special strengthening. Figure 7-7 shows one of the 
earlier mods of exercise head for the Mk 13. As you can see, 
it has a steel framework to strengthen the nose. Some of the 
later mods have no framework, but the Steel shell of the nose 
is extra thick. 

The exercise head for the Mk 13 torpedo has another 
feature that you won’t find in the others. On the bottom 



HEADLIGHT 


AIR RELEASE 
MECHANISM 


TORCH CASE 


BALLAST 

WEIGHT 


RELIEF 

VALVE 


DISCHARGE 

VALVE 


Fisure 7-7.—Exercise head Mk 26 for torpedo Mk 13. 
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Figure 7-8.—Exercise head Mk 31 for torpedo Mk 15. 


side of the after compartment, on the torpedo center line, is a 
relief valve. In this exercise head, only the forward section 
carries liquid ballast. The after section is empty. But the 
higli-pressure air line that goes to the air release mechanism 
in the forward section must pass through the after section. 
If liigh-pressure air from a loose fitting should leak into the 
after section, it would exhaust through the relief valve. So 
there’s no cliance of building up a dangerously high pressure 
in the after section. 

Here are some features that you’11 find in all exercise 
heads. On the top surface of the head, on the torpedo 
center line, are 3 flanged circular openings. In these open- 
ings, you mount the various exercise head accessories. 

The most important of these accessories is the air release 
mechanism. For the other openings you have a choice of a 
pinger, a headlight, a torch case, and a depth-and-roll 
recorder. Your choice will depend on the purpose of the 
sliot, and the conditions under which you make it. 

On the bottom surface of every exercise head is a discharge 
valve. When the head “blows” at the end of an exercise 
run, the liquid ballast exhausts through the discharge valve. 
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Near the discharge valve is a drain plug. By removing it 
you can drain out any liquid that’s left in the exercise head 
after you recover the torpedo. 

We’ll discuss some of the exercise head accessories in more 
detail later on. 

Torpedo Buoyancy 

When you fire a torpedo for a war shot, it has a negative 
buoyancy. It’s heavier—by several hundred pounds—than 
an equal volume of sea water! That means, of course, that 
if it comes to the end of its run without hitting a target, it will 
sink to the bottom. 

Why doesn’t the torpedo sink during its run? Because as 
soon as it starts to sink, the depth mechanism orders up 
rudder. So the td$|bedo makes its run with a slightly nose-up 
attitude. There y s more drag on the bottom of the torpedo 
than there is on the top, and that keeps it from sinking. 

Negative buoyancy for a war-shot torpedo is a good idea. 
To give it positive buoyancy we would have to make it a lot 
bigger, or decrease the amount of fuel or explosive it carries. 
For another thing, if a torpedo misses its target, we want it 
to sink. An ocean full of floating armed torpedoes would 
make life too complicated. 

For an exercise shot, you want the torpedo to have the 
same running characteristics it would have for a war shot. 
That means it must start out with negative buoyancy. But 
at the end of an exercise run, you want the torpedo to float 
on the surface, so you can find it and bring it back. So it 
must end up with positive buoyancy. 

How can it start out with negative buoyancy and end up 
with positive? You know the answer: you fili the exercise 
head with expendable liquid ballast. Some torpedoes carry 
water ballast; others use a Chemical solution. The OP for 
each torpedo telis you what solution to use, and how much, 
and how to mix it. 

Exercise Head Accessories 

When the torpedo reaches the end of an exercise run, the 
air release mechanism releases high-pressure air into the 
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exercise head. The compressed air forces the liquid ballast 
out through the discharge valve. Figure 7-9 shows the air 
release mechanism Mk 3—the type that’s used in all current 
torpedoes. 
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Figure 7-9.—Air release mechanism Mk 3 Mod 1. 


Another look at figure 7-7 or 7-8 will remind you where 
the mechanism fits in the exercise head. To make the con- 
nection watcrtight, you use a leather gasket under the flange 
at the top of the mechanism. Wlien you bolt the cover 
piate to the flange on the exercise head, it holds the air 
release mechanism securely in place. A copper air line 
extends from the nipple at the bottom of the air release 
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mechanism to a fitting in the bulkhead, and carries high- 
pressure air to the mechanism. In ali exercise heads, the 
air line makes one or more complete loops, so that vibration 
won’t fatigue the line and break it. 

The Mk 3 air release mechanism is self-cocking. Here’8 
how it works. High-pressure air enters through the nipple. 
It passes through the strainer, through the off-center hole in 
the strainer holder, and into the chamber at the bottom of 
the valve stem. (Check all this in figure 7-9.) 

From there, air goes up through the passage at the left of 
the valve stem. But because this passage is narrow, the 
pressure in the chamber at the bottom of the valve stem is 
higher than the pressure above the passage. 

Air also enters the slot on the bottom of the valve stem 
(find it in figure 7-9), and presses upward. That pressure 
is enough to lift the valve stem slightly, against the pressure 
of the valve spring. 

As soon as the valve begins to rise, high-pressure air reaches 
its whole bottom surface. It presses upward with enough 
force to completely overcome the pressure of the valve spring. 
The valve closes tight against its seat. Now the mechanism 
is cocked. As long as high-pressure air reaches the nipple, 
no air can pass through the valve. 

(The Mk 2 air release mechanism is obsolete, but there’s 
a bare chance youll find one stili in Service. You have to 
cock the Mk 2 by hand. You use a special tool (No. 441) to 
lift the valve stem while you turn on the high-pressure air.) 

Throughout its run, the torpedo constantly uses air from 
its air flask. The pressure in the flask constantly decreases. 
Eventually it gets so low that it can no longer hold up the 
valve stem against the pressure of the spring. Then the 
spring pushes the valve stem down, and opens the valve. 
Compressed air flows through the valve, through the escape 
ports in the valve casing, and into the exercise head. (The 
escape ports aren’t labeled in figure 7-9. Thcy’re crosswise, 
just above the valve seat.) 

By turning the adjusting nut at the top ot the mechanism, 
you can change the pressure of the valve spring. And the 
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pressure of the spring, of course, determines how low the air 
pressure must fall before the head blows. For most tor- 
pedoes, you set the blowing pressure at somewhere between 
400 and 600 psi. But for the Mk 18 torpedo, the blowing 
pressure is about 1,600 psi. Why the big difference? The 
Mk 18 torpedo, you remember, has no air flask section. It 
carries its only air supply in three small flasks in the after- 
body. Since the volume of air available for blowing the 
head is so small, its pressure must be high. 

Notice in figure 7-9 that the locking screw locks the adjust- 
ing nut in place. You ha ve to back the screw comple tely 
out of the casing before you make the adjustment, and re- 
place it when you’re through. The OP’s teli you what 
blowing pressure to set for each torpedo, and give directions 
for making and testing the adjustment. 



Figure 7-10.—Discharge valve. 


Figure 7-10 shows a sectional view of the discharge 
valve. (This one is used in the exercise head of the Mk 15 
torpedo. Other exercise heads ha ve slightly different dis¬ 
charge valves. But they’re ali very much alike, and you 
can understand any of them by comparing it, part for part, 
with this one.) 
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The outer flange of the valve body is riveted and sweated 
to the exercise head shell, and forms a permanent part of it. 
The spring piate is bolted to the flange, and forms the lower 
seat for the valve spring. (Find all these parts in figure 
7-10.) 

The valve is free to move up and down, within limits, 
inside the cylindrica! part of the valve body. When the 
valve is up, the leather washer on the valve shoulder seats 
against the inner flange of the valve body. The valve 
spring holds the valve up in its closed position. And as long 
as the valve is closed, it keeps the liquid ballast in and sea 
water out. 

When the head blows, the pressure inside the head over- 
comes the spring pressure, and forces the valve down. The 
liquid ballast is then forced out through the valve, through 
the holes in the spring piate, to the sea. When the air 
pressure falis low enough, the spring takes over again and 
closes the valve, to keep sea water from entering the head. 
(But that doesn’t happen until air pressure has blown nearly 
all the liquid ballast out of the head.) 

The depth and roll recorder is usually called the D 
and R. It fits in a cylindrica! case thafs very much like 
the torch case in figure 7-8, except that it’s nearly twice as 
long. You aren’t likelv to use the D and R for an exercise 
shot. But it’s valuable during a proof run, to show how the 
torpedo behaves under water. Throughout the torpedo run, 
the D and R constantly measures the depth of the torpedo in 
the water, and how much it rolls from side to side. And it 
records both measurements on a long sheet of carbon-covered 
acetate film. 

Inside the D and R case are three cylindrieal drums. One 
of these is the supply spool, on which you wind the long strip 
of record film before you assemble the instrument. Another 
is the take-up spool. During the whole run, film slowly 
winds from the supply spool to the take-up spool. The third 
cylinder holds the clockwork and driving gears that turn the 
spools. You adjust the speed at which the film moves 
according to the speed of the torpedo. Before the torpedo 
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run, you wind the D and R like a clock. Wlien you launch 
the torpedo, an inertia weight in the recorder moves aft, 
and starts the machine. 

The two measuring devices in the D and R are a bellows 
and a pendulum. The bellows moves in and out according 
to the water pressure, and Controls the pencil that records 
the depth line. The pendulum swings from side to side as 
the torpedo rolls. It moves the pencil that records the roll 
line. 



Figure 7-11 shows a record sheet from a depth and roll 
recorder. (The vertical zigzag break shows that it’s really 
much longer than this. Ali weVe printed is the beginning 
and the end. The missing part looks very much like the 
section between points 1 and 2 in the figure.) 

You can get a general idea of the torpedo’s performance 
just from a quick look at the record. (For the exact figures, 
you’d have to measure the record lines with a calibrated 
scale.) The torpedo that made the record in figure 7-11 was 
set to run at a depth of 10 feet. The record shows that it 
kept a nearly constant depth until just before the head blew 
at the end of the run. 

The roll line also shows normal performance. After a 
little excessive rolling at the beginning, the torpedo settled 
down to a regular, gentle roll. Until after the head blew, 
it never rolled more than 15 degrees to either side. (The 
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allowable limit for rolling is 15 degrees.) Any roll less than 
that isn^ likely to affect the rudder action seriously. 

If you couldi^t find the torpedo after its run, test runs 
would be worthless, and practice shots would be too expensive 
to think about. The exercise head has three different 
aoeessories that help you to find the torpedo. (One more 
help: many exercise heads are painted bright vellow, so they’11 
be easy to see in the water.) 

The pinger fits in a cylindrical case similar to that of the 
D and R. You won’t use it very often for exercise shots. 
It’s more useful when you*re testing new torpedoes on a 
regular test range, in water that’s not too deep. Throughout 
the torpedo run, and for some time afterward, the pinger 
sends out short, sharp sounds. If the exercise head fails to 
blow and the torpedo sinks, you can stili find it by listening 
to the pinger. And if the water isn’t too deep, you can send 
a di ver down to recover it. 

The torch fits in a cylindrical case that makes a water- 
tight connection to the flange of the exercise head. The 
torch itself is a sealed metal can, filled with a Chemical 
(usually calcium phosphide) that burns and smokes when 
it gets wet. The smoke from the torch makes the torpedo 
easy to find at the end of an exercise run. In the top of the 
torch can is a small hole, covered with a strip of tin that y s 
soft-soldered in place. Attached to the tin is a small ring. 
Just before you assemble the torch in its case, you tear off 
the tin seal by pulling on the ring. Then you seal the 
opening temporarily with soap, which washes away during 
the torpedo run. 

Caution: Once youVe broken the torch seal, you have to 
be very careful to protect the Chemical from moisture. The 
burning and smoking will begin as soon as a trace of water 
enters the can. One more caution: don’t use a torch in any 
torpedo that is going to be carried in an aircraft; the fire 
bazard is too great. 

The torpedo headlight helps you to find the torpedo after 
a practice shot at night. Figure 7-12 is a cutaway view of 
it. The headlight uses a bright Mazda bulb, and four wet- 
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Fisure 7-12.—Torpedo headlight. 
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cell storage batteries. (The picture shows only one of them.) 
Some of the older headlights use eight flashlight cells—two 
in place of each wet cell. 

When you fire the torpedo, the inertia switch automatically 
turns on the headlight. In figure 7-12 you can see the two 
switch contacts, about half an inch to the left of the lamp 
base. The left edge of the inertia weight holds them apart. 
The inertia weight pivots at the right, and it’s held in place 
by a spring. At the instant of firing, inertia throws the 
inertia weight afc. (That’s away from you, in figure 7-12.) 
Then the spring on the switch lever closes the contacts. In 
the lower part of figure 7-12, the switch is open; in the inset 
at the top, it’s closed. 

War Exercise Heads 

Although it’s sometimes used for target practice, the 
Principal use of the war exercise head is to test the action of 
the exploder. 

The war exercise head is very much like the corresponding 
exercise head in both appearance and construction. (So far 
as we know, no war exercise head has been issued for either 
the Mk 13 or the Mk 18 torpedo.) The principal difference 
between an exercise head and a war exercise head is that the 
latter has an exploder cavity, just like a war head. For 
each mark of torpedo, the war exercise head takes the same 
marks of exploder as the war head. And like the war head, 
war exercise heads are made of phosphor bronze so you can 
use an influence exploder. 

A war exercise head, of course, contains no explosive 
charge and no booster. And so it needs no detonator. In 
place of the detonator and booster, you install a small assem¬ 
bly made up of a switch and two dry cells. When the ex¬ 
ploder mechanism fires, its firing pin assembly closes the 
switch. 

In the forward flange at the top of the war exercise head, 
you install a marker bomb. You connect two wire leads 
from the marker bomb to the switch and dry-cell assembly 
in the booster cavity. (If you J re using an exploder with an 
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eleetric detonator, you wire the marker bomb direccly into 
the exploder circuit, rather than to the switch in the booster 
cavity.) 



Fisure 7-13.—Marker bomb. 


Figure 7-13 is a sectional view of the marker bomb. It 
contains a number of thin yellow plywood discs. When the 
switch in the booster cavity closes, current passes through a 
resistance bridge in the cartridge primer of the marker bomb, 
and the cartridge explodes. The force of the explosion shears 
the lead sealing disc at the top of the bomb, and throws the 
plywood discs out into the water, marking the point where 
the exploder fired. 

Figure 7-14 is a table that summarizes some of the main 
characteristics of exercise heads. 


EXPLODERS 

In this section we’ll give you a short description of several 
torpedo exploders, and teli you how they work. But we 
won’t give you any instructions for maintenance and over- 
haul. You can’t use these descriptions as substitutes for 
the OP’s. (Your qualifications for advancement say that 
you won’t have to overhaul an exploder until you’re ready 
to advance to TMC. All you need now is a ciear under- 
standing of what the exploder does, and how it does itr 
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Figure 7-14.—Characteristics of exercise heads. 


When you’re ready for detailed information, or overhaul 
instrue tions, go to the Ordnance Pamphlets.) 

Basic Principies 

The torpedo exploder has just one job: to explode the 
TNT or HBX in the torpedo war head when the torpedo 
reaches its target. That makes it sound simple. Here are 
some of the things that make it more complicated than it 
sounds: 

The main charge of the war head is a big, solid mass of 
explosive. It has a tremendous wallop when it explodes. 
But, as explosives go, TNT and HBX are fairly insensitive. 
The main charge has to be insensitive. Otherwise it might 
explode because of the jolts it gets in transportation, or 
because of the shock in firing the torpedo from its tube. So 
making it explode—for sure—is something of a problem. 

We solve that problem with a chain reaction. For a 
detonator, we use a small amount of a very sensitive explo¬ 
sive. The detonator sets off a second charge—the booster— 
which is a lot bigger but not so sensitive. The booster, in 
turn, explodes the main charge. 

Here’s another problem. When a ship cruises in war- 
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time, its tubes are loaded with fully-ready torpedoes. If 
you’re in a submarine you'll keep a spare set—all ready 
to go—in racks near the torpedo tubes. The exploders, 
including the supersensitive detonators, will be in place in 
the warheads. There^ always a chance that a fully- 
ready torpedo will get a small jolt by accident. On 
the deck of a destroyer, it will have to take the shock of 
gunfire. If a submarine is attacked with depth bombs, its 
torpedoes may get a severe shock. But the detonators are 
extremely sensitive to shock. 

So, to protect you and your ship, the exploder must have 
a positive safety feature. And this safety feature must 
keep the main charge from exploding, even if the detonator 
goes off accidentally. 

Figure 7-15 shows the answer to this problem. The 
detonator is completely enclosed in a strong safety chamber. 
If the detonator should go off accidentally, the safety cham¬ 
ber will absorb the force of its explosion. The safety 
chamber provides a space in which the hot gases can expand 
without affecting the booster or the main charge. 

For absolute safety, the detonator must stay in the safety 
chamber while the torpedo is in the racks or the tubes. It 
must stay there while you’re firing the torpedo from the 
tube. It must stay there during the first part of the torpedo 
run,. while the torpedo is stili close enough to damage your 
ship if it goes off. And yet, when the torpedo reaches its 
target, the detonator must be completely out of the safety 
chamber, and ready to explode the booster. 

So the torpedo exploder must have an arming feature. 
The arming feature must put the safety feature out of action 
after the torpedo leaves the tube, but before it reaches 
the target. 

The arming action usually depends on an impeller— a 
15-bladed wlieel that’s free to rotate on a horizontal axis. 
Figure 7-16 shows its position in the war head. 

The speed of the torpedo forces water through the im¬ 
peller channel. The flow of water turns the impeller. And 
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Figure 7-15.—Safety chamber. 



Fisure 7-16.—Impeller action. 


the impeller, through a system of gears, turns the safety 
chamber on a vertical axis. 

The detonator can’t rotate with the safety chamber. Two 
fixed vertical rods pass through slots in the base of the 
detonator holder. (Find these slots in figure 7-15.) The 
rods leave the detonator free to move upward, but keep it 
from turning. As the safety chamber turns it lifts the 
detonator out of the chamber and into a cavitv in the 
booster charge. 

183 


Digitized by v^ooQle 














Our exploder needs one more feature—something to start 
the chain of explosions when the torpedo reaches its target. 
In the influence exploder, it’s an electric device. In the 
contact exploder, it’s either a ball or a ring. Figure 7-17 
shows the inertia-ball switch. 



Figure 7-17.—Inertia-ball switch. 


The ball fits in a cavitv in the ball seat, and the spring 
holds it there. (Note that the left side of the picture is 
forward. Think of the torpedo, and the inertia-ball switch, 
as traveling from right to left.) 

Now imagine what happens when the torpedo strikes the 
hull of an enemy ship. The inertia ball tends to keep going 
toward the left. It keeps going with enough force to over- 
come the spring, and pushes the contact bar against the 
fixed contact. That closes an electric circuit, which explodes 
an electric detonator and starts the chain reaction of ex¬ 
plosions. 

If you study the picture for a minute, you’11 see that the 
switch will close even if the torpedo strikes its target a glanc- 
ing blow. A glancing blow would turn the torpedo up or 
down or sideways. Inertia would tend to throw the ball in 
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the opposite direction. In moving up, or down, or sideways, 
the ball must stili move forward to get out of the cavity in 
the ball seat. And it can’t get out of that cavity without 
closing the electric switch. 



Fisure 7-18.—Inertia rins. 


Figure 7-18 shows the inertia ring. Its action is mechan- 
ical; there's no electric circuit. The ring rests on a system of 
levers. Just above the ring is a circular trigger piate. When 
inertia displaces the ring—in any direction—it wedges itself 
between the levers and the trigger piate. (In the picture, 
the ring has been displaced toward the left.) Tliis relative 
movement of the ring forces the trigger piate upward. That 
releases the firing pin, which starts the chain of explosions. 
We’ll go over this action in more detail as \ve describe the 
various types of exploders. 

Early Exploders 

The torpedo exploder, like most ordnance devices, had a 
long and gradual development. The first exploders de- 
pended on clockwork. After the clock had run for a certain 
time, it pulled the trigger of a firing device. And the firing 
device was very much like that of a flintlock musket. 

Since the first torpedoes were made to be attached to 
the hull of an enemy ship, the clockwork exploder was good 
enough. But when Fulton invented the towed torpedo, he 
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liad to invent a new exploder too. Fulton^ idea, you re- 
member, was to tow the torpedo astern on a line, and try to 
foul it against the enemy hull. 

Actually, there were two lines to the torpedo: one was for 
towing; the other was the firing lanyard. The torpedoman 
kept his eyes on the torpedo. When it seemed to be close 
enougli to the enemy ship, he gave a mighty pull on the lan¬ 
yard. Sometimes it worked, and sometimes it didn’t. For 
one thing, he had to leave a lot of slack in the lanyard, to 
keep the drag of the water from firing the torpedo too soon. 
For another thing, it was hard to keep from fouling the lan¬ 
yard on the towing rope. 

Fulton’s next idea was a little better. Instead of a lan¬ 
yard, he used a long insulated wire attached to the towing 
rope. Current flowed from a battery on the attacking ship, 
through the wire, to an electric detonator in the torpedo. 
It returned through the water. The torpedoman watched, 
and when the torpedo seemed to touch the targefs hull, he 
closed the circuit at the battery. 

As we said, that was better than a lanyard. But it stili 
wasn't good. First, insulation wasn’t very reliable in those 
days, and neither were batteries. And second, the torpedo¬ 
man stili liad to guess at the proper moment for firing. 

Fulton tried one more experiment. He made a firing 
lever that stuck out from the side of the torpedo case. 
When the lever struck the hull of the target, it released a 
firing pin. But that wasn’t very safe. It was easv for 
the torpedoman to bump the lever accidentallv whlle he was 
putting the torpedo into the water. 

And there we leave Robert Fulton. ThaCs as far as he got 
with the torpedo exploder. 

A few years later, a man named Harvey made another 
improvement. He equipped his towed torpedo with several 
levers. And he added a safety device. He put a safety key 
in the firing pin, and the firing pin couldnT move as long as 
that key was in place. Harvey attached a light line to the 
safety key. After the torpedo was in the water, and a safe 
distance astern, the torpedoman could pull out the key. 
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It was during the first ten years after the Civil War that 
Whitehead developed his self-propelled torpedo. This one 
was intended to strike squarely against the enemy hull instead 
of being towed sideways against it. A thin metal rod stuck 
out through the nose of the torpedo, like the bili of a sword- 
fish. When the rod struck the target it was driven backward 
into a percussion cap. This exploder had a safety device too. 
The forward end of the rod was threaded, and a fan was 
screwed onto it. The fan kept the rod from being driven 
back. When the torpedo was fired, the water turned the fan, 
and it wound itself forward off the rod. 

The next step is the inertia exploder. You’ve heard of the 
law of inertia. It sa}^s that when a body is standing stili, 
or moving in a straight line, it tends to stay that way. All 
the contact exploders we use today are based on this principle. 

The contact exploder includes a Steel ball, or a Steel ring. 
When the torpedo is under way, these parts are moving in a 
straight line. When the torpedo hits a target, they tend to 
keep going. In that way, they provide enough force to fire 
the exploder. 

The final step in exploder evolution—up to now, anyway— 
is the influence mechanism. This is an electronic gadget that 
detects the presence of a target, even when the torpedo 
doesnT touch it. With an influence exploder, you can fire 
the torpedo so it will pass under the keel of an enemy ship; 
the exploder will detect the presence of the ship and detonate 
the war head at the proper moment. The most recent influ¬ 
ence exploders are stili confidential. We’11 teli you a little 
bit more about them at the end of this chapter. 

Exploders in Current Use 

Mark 4. The Mk 4 exploders operate only on contact. 
The action is mechanical; there’s no electric circuit. An 
inertia ring starts the exploder action when the torpedo 
strikes the target. Two Mods are now in use in the fleet. 
The Mk 4 Mod 9 is used in the War Head Mk 13, Mods 0 and 
1. The Mk 4 Mod 10 is used in the War Head Mk 18. 
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Mark 6 Mod 10. This one also works only on contact, but 
its action is electric. It uses a ball switch to close the cireuit 
and fire an electric detonator. (It used to have an influence 
feature, but this part has been put out of operation.) It’s 
used in any ogival war head on Torpedoes Mks 14, 15, and 
16. 

Mark 6 Mod 12. This is a mechanical exploder that works 
only on contact. It has an inertia ring. Like the Mk 6 
Mod 10, it once liad an influence feature which has now been 
discontinued. It’s used in the same torpedoes as the Mod 10. 

Mark 8. This is a mechanical contact exploder with an 
inertia ring. Two Mods are in use. The Mk 8 Mod 6 is used 
in War Heads Mk 13, Mods 2, 3, and 5. The Mk 8 Mod 7 
is used in War Heads Mk 18, Mods 1, 2, and 4. 

Mark 9 and 10. These exploders work by either contact 
or influence. The contact feature works mechanically and 
has an inertia ring. The influence feature works electrically. 
Since botli these exploders are confidential, we can’t teli 
you much about them. Well discuss their general principies 
very briefly at the end of this chapter. 

Mark 4 Exploder 

Figure 7-19 is a photograph of the Exploder Mk 4 Mod 9. 
In figure 7-20, you see a cutaway view of the Exploder Mk 4 
Mod 10, which shows the position of ali the working parts. 
(There’s very little difference between the Mod 9 and the 
Mod 10. The Mod 9 is mounted on an oval base piate, and 
fits torpedoes of the Mk 13 type. The Mod 10 has a cir¬ 
cular base piate, and fits torpedoes of the Mk 18 type.) We’ll 
run through a short description of the main working parts. 
Check figures 7-19 and 7-20 as you read the description, so 
you’11 keep a ciear picture of how each part fits into the 
mechanism as a wliole. 

We can sav that any impact exploder has two functions: 

(1) to respond to the impact of the torpedo against its 
target, and explode the main charge in the war head; and 

(2) to arm itself during the torpedo run. While it’s aboard 
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the attacking ship, and during the first part of its run, the 
exploder must be unable to fire the main charge. While it ? s 
arming, the exploder rearranges its own parts, so that they 
become capable of exploding the war head. 

The power for arming the exploder comes from the im¬ 
pellor. Figure 7-21 shows how the impellor assembly is put 
together. 

The impellor is a 15-blade turbine, mounted in a cavity in 
the base place. Its shaft is horizontal and athwartship. 
(I 11 figure 7-21 weTe looking toward the starboard quarter.) 
Wlien the torpedo is under way, water passos through the 
fore-and-aft impellor channel in the base piate. The force 
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Fisure 7-20.—Exploder Mk 4 Mod 10. 

of the water against the impellor blaties turns the impellor 
and its sliaft. 

To keep water from reaching the firing meclianism, the 
impeller cavity is completely closed off from the rest of the 
exploder. The inboard end of the impeller sliaft passes 
through an asbestos packing or a ring seal, to keep water 
from leaking in around the sliaft. Note the position of the 
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Figure 7-21.—Impeller and shaft assembly Mk 4 Mod 10. 

gland nut wrench (fig. 7-21). By turning this wrench, vou 
can adjust the pressure on the packing. (It must be tight 
enough to keep the water out, but loose enough to let the 
impeller shaft turn.) The loek at the top of the wrench is 
secured in one of the wrench teeth by a small screw. It 
keeps 3 r our adjustment from slipping. 

The impeller end of the worm shaft is hexagonal (find it in 
figure 7-21), and fits in a hexagonal socket in the impeller 
shaft. The starboard end of the worm shaft turns in a ball 
bearing. Beyond the end of the shaft is a sealing gland and 
gasket, to keep the water from leaking in at that end. 

This is the arming action so far: the force of the water 
passing through the impeller channel turns the impeller and 
its shaft. The impeller shaft drives the worm gear shaft and 
the worm gear that’s mounted on it. And the worm gear 
turns the vertical drive shaft. 

Figure 7-22 is a schematic drawing of the arming gear 
train. If 3 ~ou follow the turning force through the gear train, 
you can see how the impeller makes the arming gear rotate. 
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As you ean see, the gear train greatly reduces the speed of 
rotation. The impeller must make more than 100 turns in 
order to turn the arming gear througli one revolution. 

Now find the arming gear, on its ball bearing, in figure 
7-23. Tliis diagram shows the exploder in its unarmed 

ARMING 
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position. It’s safe for two reasons. First, the detonator is 
inside the safety chamber; even if the detonator should 
explode accidentally, the safety chamber can hold the force 
of the explosion and keep it from reaching the booster. 



Figure 7-23.—Exploder, unarmed. 

Second, the firing pin holder is locked in place, so it can’t 
move upward and strike the percussion caps. Notice the 
shoulder at the bottom of the firing pin guide stem, The 
two firing balls keep it from moving upward. (You can see 
this more clearly in figure 7-24.) 

Now back to figure 7-23. The inner side of the arming 
gear is threaded, and fits the threads of the arming screw. 
The safety chamber is attached to the arming gear, and turns 
with it. (At the top, the safety chamber is threaded on its 
inner side, and fits the threads of the detonator.) So, when 
the impeller turns, both the arming gear and the safet 3 r 
chamber will rotate. 

But neither the arming screw nor the detonator can rotate. 
Two vertical guide posts, secured to the arming screw, pass 
through slots in the detonator holder to keep it from turning. 
(Figure 7-23 doesn’t show these guide posts, but 3 ou can see 
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tliem in figure 7-20.) At the lower end of the arming screw 
are two vertical extensions. Since they’re engaged in slots 
in the top piate of tlie exploder, they keep the arming screw 
from turning. (Remember, these are schematic drawings 
we’re showing you now. You should be checking them 
constantly against figure 7-20, to get a elearer idea of what 
things really look like.) 



Figure 7-24.—Exploder, armed. 


Figure 7-24 sliows the mechanism in its fully armed posi- 
tion. Two things have happened. First, the rotating safety 
chamber has pushed tlie detonator up into the booster cavity. 
(If tlie detonator explodes now it will set off the booster 
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charge, which in turn will explode the main charge in the 
war liead.) Seeond, the arming gear has moved the arming 
screw upward, and the arming screw has compressed the 
firing spring. 

The two spring-loaded stop balls have slipp"ed into the 
cavities of the arming screw, to prevent any further motion. 
The threads of the arming screw are now free of those on the 
arming ring, and the threads of the detonator are free of 
those in the safety chamber. The impeller and the arming 
gear will keep on turning, but they won’t cause any further 
action. (Notice that the two firing balls stili prevent any 
upward movement of the firing pins.) 



Figure 7-25.—Action of the exploder on impact. 
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Now imagine the exploder mechanism of figure 7-24 in 
place in its torpedo, moving from left to right. Figure 7-25 
shows what happens when the torpedo hits the target. 

Remember, the exploder is moving from left to right. 
When it strikes the target, it will come to a sudden stop. 
But the firing ring, because of its inertia, will tend to keep on 
going toward the right. Figure 7-25 shows the ring after 
the impact has displaced it. The movement of the ring 
wedges it between the trigger piate and the trigger fingers, 
and that action lifts the trigger piate upward. The trigger 
piate, in turn, pushes the trigger cap upward. 

Notice the groove on the inner surface of the trigger cap. 
When the trigger cap is lifted, the groove reaches the firing 
balls, and the balls fall into it. Now there’s nothing to hold 
back the firing pin guide stem. The force of the firing spring 
throws the guide stem violently upward. The firing pins 
strike the percussion caps, which start the chain of explosions. 

Exploder Mk 6 Mod 10 

The Mk 6 Mod 10 arms mechanically, but fires electrically. 
It’s mounted on a rectangular base piate, which fits in the 
forward part of the war head of Torpedoes Mks 14, 15, and 
16. Its impeller not only arms the mechanism, but it also 
turns a generator that provides the electric energy to fire tlie 
detonator. A capacitor Stores the electric energy until the 
torpedo strikes its target. Then the inertia ball switcli 
closes, and energy from the capacitor surges through the 
electric detonator and explodes it. 

Figure 7-26 is a cutaway view of the exploder Mk 6 Mod 
10. (WeTe looking toward the port quarter.) Wliile we 
run through a sliort descriptiori, clieck back to this picture 
to find the parts. 

As we told you, the Mk 6 onee had an influence feature, 
which has now been put out of operation. That long fore- 
and-aft can in the background is the pick-up coii. It was 
used to detect the magnetic field of the target ship. It’s now 
disconnected. But it’s stili tliere, to keep the unit in proper 
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Figure 7-26.—Exploder Mk 6 Mod 10. 


trim and balance. Oii late production, the pick-up coii has 
been replaced by a Steel or brass dummy, which serves the 
same purpose. 

In the foreground is the voltage-regulator tube. Just to 
the riglit of it you see the terminal block, to which the 
various electrical leads are connected. At the top of the 
picture is the inertia ball switch. (Turn back to figure 7-17 
for a schematic drawing of it.) 

The vertical cylinder at the left of the picture is another 
part of the influence feature—the solenoid. When the influ- 
ence feature was used, current from the pick-up coii triggered 
a thyratron, w hich sent a surge of current through the sole- 
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noid coii. And the moving core of the solenoid released tke 
trigger of the firing mechanism. 

The solenoid core is now locked in place so it can’t move. 
But the coii is stili in the circuit; we’ll teli you why in a 
minute. 

You shouldnT ha ve much trouble figuring out the rest of 
it. You can see the impeller in the background. Its shaft 
passes through a packing, and has a hexagonal socket in its 
inboard end. The hexagonal end of the generator shaft fits 
in that socket. On the other end of the generator shaft you 
can see the worm gear. As in the Mk 4, the rotary motion of 
the impeller passes through the gear train to the arming 
gear. Notice the small worm gear pinned to the vertical 
drive shaft. It operates a safety-delay switch, which we’ll 
describe later. 

The arming action is very much like that of the Mk 4. 
As the arming gear turns, it raises the arming screw. The 
turning safety chamber raises the detonator up into the 
booster cavity. But note that there’s no inertia ring, no 
trigger cup, and no firing pin. The detonator can be fired 
only by an electric current. You can see the wires passing 
up through the inside of the arming screw to the two electric 
detonators. 

Figure 7-27 is a schematic drawing of the electric circuit, 
with a wiring diagram in the upper left-hand corner. We 
won’t go through the mechanical arming action again. But 
here T s a quick review of the electric action. 

As soon as the torpedo begins its run the impeller spins, 
and turns the generator armature. The armature has two 
sets of windings, and two commutators—one at each end. 
(The low-voltage winding was a part of the influence feature, 
but it has been inactivated by taking its brushes out. The 
high-voltage winding is tlie only one we use now.) 

The generator is designed to build up its operating voltage 
very quickly. There’s an opposed-field winding, in series 
with the voltage regulator tube, connected across the high- 
voltage terminals. When the generator reaches a certain 
speed, its voltage output is high enough to strike an arc 

198 


Digitized by AjOOQle 



soiinoio 



through the voltagc regulator tube. When that happens ; a 
current will flow through tlie opposed field windings. The 
higher the generator output, the more current flows through 
the opposed field circuit. This current weakens the total 
field strength of the generator, and euts the output voltage 
down again. This action keeps the voltage output nearly 
constant, even if the armature speed changes considerably. 

During the first part of the torpedo run, the safety delay 
switch is closed. As long as it’s closed, it completely sliorts 
out the generator. And vvhile the generator is shortcd, no 
charge can build up in the capacitor, and no current can 
pass through the squibs, even if the impact switch should 
close. 

When the mechanical arming is completed, the safety 
switch opens, and unshorts the generator. Now the generator 
voltage builds up, and charges the capacitor. (The solenoid 
coii serves as a choke, to smooth the charging voltage. And 
if the generator voltage should drop momentarily, the 
solenoid will keep the capacitor from discharging back 
through the generator.) 
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Now the exploder is fully armed, both mechanically and 
electricali} 7 . When the torpedo strikes its target, the inertia 
ball switch closes. Then the capacitor discharges through 
the two squibs, starting the chain of explosions. 



Fi gure 7-28.—Dclay switch. 


Figure 7-28 shows a cutaway view of the delay switch. 
(Check back to figure 7-26 to see its position in the exploder.) 
A lead from the plus side of the generator output goes to the 
spring contact button, which makes contact with the worm 
wheel. That contact grounds the plus side of the generator, 
and shorts the generator output. (The minus side is already 
grounded.) As the torpedo travels through the water, the 
rotation of the vertical drive shaft, and the worm gear pinned 
to it, slowl}" turns the worm wheel. At the end of the arming 
run, the hole in the worm wheel comes around to the contact 
button. The button springs into the hole, breaking the short 
circuit. 

Although it's liidden in the picture, there’s a sector in the 
worm wheel that has no teeth. At the same time the hole 
reaehes the contact button, that blank sector reaches the 
threads of the worm gear. Then there’s no further move- 
ment of the worm wheel. 
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Other Contact Explodere 

Figure 7-29 shows two views of the Exploder Mk 6 Mod 12. 
As you can see, it has an inertia ring. Its arming and firing 
action is so much like that of the Mk 4 that there’s no need 
to go through the description again. 



Figure 7-29.—Exploder Mk 6 Mod 12. 

The exploder is mountcd on a rectangular base piate, and 
fits in any ogival war head. It’s used on Torpedoes Mks 14, 
15, and 16. 
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Like the Mk 6 Mod 10, this one once had an influence 
feature. As vou ean see in tho picture, the pick-up coii, 
the generator, and the connection box are stili there. But 
there’s nothing connected to the connection box, and both 
the generator leads have been grounded. The voltage regu¬ 
lator tube and the solenoid have been removed. The worm 






gear on the vertical drive shaft is stili there, but there’s no 
worm wheel for it to turn. 

The Mk 8 Exploder (fig. 7-30) is a eompact unit, mounted 
on a circular base piate. The Mk 8 Mod 6 is used with torpe- 
does of the Mk 13 type; the Mk 8 Mod 7 with those of the Mk 
18 type. Except for a few minor details, its construction 
and operation are the same as those of the Mk 4 exploder. 

The Influence Exploder 

YouVe probably read about the proximity fuze. It’s 
the gadget we use to explode the 5-inch and 6-incli projectiles 
when we have to knock an enemy aircraft out of the sky. 

What the proximity fuze does for an antiaircraft projectile, 
the influence exploder does for a torpedo. In botli cases, the 
missile doesn’t have to hit the target—it just has to come 
close. lf a torpedo passes a few feet under the keel of a 
target sliip, you’11 have a clean miss with a contaet exploder. 
With an influence exploder, you’ll have a damaging expio- 
sion. 

But increasing the target area isn’t the most important 
point. With an influence exploder, you can deliberately 
set the running depth so that the torpedo will pass under the 
targefs keel. 

Wliy do you want to do that? Tliink what happens when 
a torpedo war head explodes under water. It releases a 
tremendous burst of energy, in a very small fraction of a 
second. And that energy has to go somewhere. A small 
part of it forms a sound wave. Another part forms a 
shock wave that travels through the water. The rest of it is 
present in a globe of hot, higlily compressed gases. What 
happens to that ball of hot gas? First it expands. Then 
it contracts momentarily. And finally it expands again and 
makes its way to the surface. 

When a war head explodes in open water, ali the energy 
in that ball of gas goes to the surface, wliere it tlirows up 
a big burst of spray. But remember—the force builds up 
very fast. And water isn’t very compressible. Because of 
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its inertia, the water tends to stay where it is. Before it 
ean lift the water out of the way, the force of the explosion 
must overcome the water’s inertia. 

If a torpedo explodes beside the hull of a ship, a part of 
the force—the shock wave—will strike the hui). What 
about the ball of hot, compressed gases? If the explosion 
is near the surface, the gas won’t have much trouble break- 
ing out into the air. But if the explosion is deep in the 
water, the water’s inertia tends to hold the globe of gases 
down. When the explosion is deep, that globe is much more 
likely to break through the target’s hull. 

But there’s something else in favor of an explosion under 
the keel. Remember that the globe of gases first expands, 
tlien contracts. And that puts a “whipping” force on the 
keel. The keel is stiff and rigid, and can’t take much 
whipping. A powerful explosion, directly under the target 
ship, is likely to snap its keel in two. 

As we told you, the influence exploder will operate when it 
passes under its target, without touching it. How does 
the exploder “know” when to operate? Ali the common 
influence exploders depend on the earth’s magnetism. 

You know that when a coii of wire is in a changing mag- 
netic field, a current will flow through the wire. You also 
know that the earth is a huge magnet. Any big mass of 
iron or Steel will distort the earth’s magnetic field. Under 
a steel ship, the earth’s magnetic field is strongly distorted. 
When a coii of wire is moving fast under a ship, it’s in a 
rapidly changing magnetic field, and current will flow through 
it. The influence exploder uses that current to start the 
explosive train. 

The idea of an influence exploder started in 1922. The 
Navy began a long series of secret experiments that finally 
resuited in the Mk 6 exploder. 

As we told you, the influence feature of the Mk 6 exploder 
has been inactivated. Why? Simply because it wasn’t 
reliable. For one thing, it wasn’t any too sensitive. For 
another, some of its parts had to be delicately adjusted. It 
required a masterful touch from the torpedoman^ mate to 
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make the thing work. Worst of ali, torpedo Controls weren’t 
very smooth in those days. The torpedo often maneuvered 
violently, sometimes broaching. The influence feature of 
the Mk 6 couldn’t take that kind of treatment, and it often 
went off prematurely. 

The influence exploders we use now are the Mk 9 and the 
Mk 10. (There are stili others in the works, but we can*t 
discuss them here.) For security reasons, we can’t say 
much about how you use the Mk 9 and Mk 10 exploders. 
But their working principies are familiar to everyone, so 
we can outline them briefly. 

The Mk 9 exploder is like a proximity fuze not only in 
what it does but in how it does it. In both the fuze and the 
exploder, the target signal is strengthened by a two-pentode 
amplifier. And in both fuze and exploder the amplified 
signal is applied to the grid of a thyratrontube;the thyratron 
fires; a condenser discharges through it, and fires an electric 
detonator. 

In one way, the Mk 9 exploder is different from the 
proximity fuze. In the fuze, the electric detonator fires an 
auxiliary detonator (booster charge) wliich in turn fires the 
main charge. But the electric detonator of the Mk 9 doesn’t 
fire the booster. Nothing of the kind. The electric deto¬ 
nator of the Mk 9 is the propellant charge of a miniature 
cannon. And that cannon fires a slug into the side of the 
inertia ring, displacing it and triggering the mechanical 
firing system. 

In their basic working principle, the Mk 9 and Mk 10 
exploders are alike. The Mk 9 was developed during World 
War II, by scientists at the Johns Hopkins University, from 
the Mk 8 contact exploder. The Mk 10 was developed at 
the Naval Ordnance Laboratory from the Mk 6. 

SUMMARY OF CHAPTER 7 

For a war shot, the head section of the torpedo is the war- 
head. The warliead carries the high-explosive main charge, 
and the exploder mechanism that sets it off when the torpedo 
reaches its target. 
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For a test shot or an exercise shot, vou remove the war- 
head and replace it with an exercise head. The exercise 
head carries enough liquid ballast to give the torpedo the 
same trim, balance, and running characteristics it would 
have with a warhead. At the end of an exercise run, 
compressed air blows the liquid ballast out of the exercise 
head. The torpedo then has positive buoyancy, and floats 
to the surface where you can recover it. The pinger, head- 
light, and torch are exercise-head accessories that help you 
to find the torpedo after an exercise run. 

The exploder mechanism, mounted in a cavity in the war¬ 
head, sets off the main explosi ve charge when the torpedo 
reaches its target. At the beginning of the torpedo run the 
exploder is inoperati ve, to prevent a premature explosion 
that might endanger the firing ship. During the torpedo 
run, the exploder amis. Water turas the impeller, which 
operates a gear train to move the detonator out of its safety 
chamber and into the booster cavity. 

Contact exploders operate by inertia. When the torpedo 
strikes the target, the movement of an inertia ring releases 
the firing pins (or the movement of an inertia ball closes an 
electric firing circuit). Influence exploders operate by 
detecting the distortion of the earth’s magnetic field caused 
by the target ship. 


REFERENCES 

OP 950, Torpedoes Mk 13-1 and 2, pages 14-43. 

OP 635, Torpedoes Mk 14 and 23 Types, pages 15-26. 
OP 642, Torpedoes Mk 15 type, pages 15-24. 

OP 946, Torpedo Mk 18 Mod 2, pages 13-17, 69-73. 
OP 1830, Contact Torpedo Exploder Mechanisms. 


QUIZ 

1. What are the two basic shapes of the torpedo head section? Which 
torpedoes have which shape? 

2. Which marks of torpedo have strengthening rings in the war head? 
Why is additional strength necessary in these torpedoes? 
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3. What is the function of the lead ballast weight in the head scction? 

4. Which mark of torpedo has no lead ballast in its head section? 
Why # is lead ballast unnecessary in this torpedo? 

5. Whv is it necessary for a torpedo to run on an even keel? 

6. What is the maximum roll allowable during a torpedo run? 

7. When the explosive charge does not fili the war head cavity, the 
charge is cast on a slant. Why? 

8. What is the function of the core rod tubes? 

9. Why are some war heads made of phosphor bronze, rather than 
Steel? 

10. What is the purpose of the three tapped holes in the war head bulk- 
head? 

11. How do you protect the war head joint ring during shipping or 
stowage? 

12. Why does the exercise head of the Mk 13 torpedo require extra 
strength in its nose? 

13. What is the state of buoyancy (positive, neutral, or negative) of a 
torpedo; (a) at the beginning of a war shot run; (b) at the end of a 
war shot run (if the torpedo misses its target); (c) at the beginning 
of an exercise run; (d) at the end of an exercise run? 

14. What keeps a torpedo from sinking during its run? 

15. Explain, verv briefly, the operating principle of the air release 
mechanism. 

16. Why must the head-blowing pressure be higher in the Mk 18 tor¬ 
pedo than in the others? 

17. Name three exercise head accessorios that help you to find the tor¬ 
pedo at the end of an exercise run. 

18. What physical principle do contact cxploders depcnd on? Explain 
it briefly. 

19. Why must the explosion of the war head be a “chain reaction”? 

20. Explain the basic principle (not the details) of the arming action. 

21. Explain the function of the safety chamber. 

22. Which mark and mod of contact exploder arrns mechanically but 
fires electricallv? 

23. Explain the function of the delay switch in the Mk 6 Mod 10 ex¬ 
ploder. 

24. Why do Mk 6 exploders stili have a pick-up coii, or a dummy re- 
placement for it, even though the influence feature has been in- 
activated? 

25. How can an influence exploder detect the presence of a target with- 
out touching it? 
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THE AIR SYSTEM 

In its air flask, the torpedo carries compressed air at 
tremendous pressure. When the flask is fully charged, the 
pressure inside it is 2,800 psi. Unless you stop to think 
about it, iti hard to realize just how much pressure that is. 

So leti stop to think about it. YouVe probably heard 
that the pressure of the atmosphere, at sea level, is 14.7 
psi. And youVe heard that the atmosphere will support a 
column of water 34 feet high. The pressure in the torpedo 
air flask is more than 190 atmospheres. That mueh pressure 
will support a column of water about 6,500 feet high. In 
other words, the pressure inside the torpedo air flask is the 
same as the pressure a mile and a quarter under the sea. 

YouVe used to the idea that air doesnV weigh very much. 
But the air in the flask of a Mk 15 torpedo weighs 326 pounds. 
(Thati not the weight of the flask—iti the weight of the 
air inside the flask.) The volume of the Mk 15 air flask is 
23 cubic feet. But, at 2,800 psi, the Mk 15 air flask holds 
enough air to fili a room 7 feet high, 10 feet wide, and 63 
feet long at normal pressure. 

The shipi compressors liave to do a lot of work to force 
that much air into the torpedoi air flask. When the flask 
is charged, a large part of the compressori work is stored 
up in the compressed air. When we let the air out of the 
flask, we can recover most of the energy thati stored up 
in it. If we let the escaping air strike the blades of a turbine 
wheel, we can make the stored energy do useful work. And 
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\ve can use that work to turn the propellers that drivc tlio 
torpedo through the water. 

If we wanted to, we could let it go at that. We could 
use the energy of the compressed air—and nothing else—to 
propel the torpedo. That/s what happens when a torpedo 
makes a “cold” run. But a torpedo that makes a cold run 
doesn*t go as far or as fast as we want it to. 

Back in chapter 3 you learned what happens when air gets 
hot. If it’s bottled up so that it can’t expand, its pressure 
will rise. If it isn’t bottled up, it will expand. 

We make use of both of those faets in the torpedo, by 
passing the compressed air through a superheater before it 
goes to the turbines. The superheater increases both the 
volume and the pressure of the air that strikes the turbine 
blades. 

The main part of the superheater is a closed chamber— 
the combustion flask. Into the combustion flask, we force 
a mixture of compressed air and alcohol. And the mixture 
burns inside the flask. When alcohol bums, the products it 
leaves are gases. So alcohol not only heats the compressed 
air, but also adds to the volume of gas that strikes the 
turbine blades. 

The burning mixture of fuel and air gets so hot that it 
could easily damage the superheater, or the turbine, if we 
didnT do something to cool it. That’s why we inject water, 
along with the air and fuel, into the combustion flask. The 
water spray keeps the temperature under control. And, in 
cooling the flask, the water tums to steam and adds to the 
volume of gas that goes to the turbine. The water itself 
doesnT add any energy to the S 3 ^stem. But it does take 
energy that otherwise would be wasted in the form of heat, 
and make it do useful work. 

Because compressed air and alcohol are the only sources 
of energy in an air-steam torpedo, we use compressed air to 
do several odd jobs. Besides spinning the turbines, com¬ 
pressed air also does these things: 

1. At the end of an exercise run, it blows the liquid ballast 
out of the exercise head. 
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2. It forces fuel and water into the combustion flask. 

3. It operates the igni ter that starts the air-fuel mixture 
burning. 

4. It operates the starting valve, which puts all the pro- 
pelling and eontrol mechanisms of the torpedo into opera- 
tion. 

5. It operates the gyro-spinning mechanism, which gives 
the gyro its initial spin and brings it up to full speed. 

6. It keeps the gyro spinning during the whole torpedo 
run. 

7. It supplies energy for the depth and steering engines 
which operate the horizontal and vertical rudders. 


Diagram of the Air System 

We could, at this point, sliow you a diagram of the whole 
air system. But we aren’t going to, because it would look 
too complicated. There’s no single part of the air system 
that’s liard to understand. But therc are a lot of parts and, 
wlien you put tliem all together in one diagram, it’s hard to 
see how things work. 

Instead of showing you thc diagram, we*re going to let 
you draw it for yourself. That will make it look simple to 
you. Of course you can skip the actual drawing if you’re 
feeling tired or lazy. But if you actually make the drawing, 
you’11 find that the extra trouble pays off. You’11 get a 
firmer hold on what you need to know, and you’11 get it in 
less time. 

You’11 need several sheets of plain paper, and some colored 
pcncils—at least three colors besides black. (If you can’t 
find colored pencils, you can try the same system we use 
in the book—use various kinds of stippling and crosshatching 
to show the difference between water, fuel, and air. But, 
whcther you use color or not, be sure to put a key in the 
corner of the drawing to show what’s what.) 

Here we go. The first thing we need for an air system is 
an air flask. Draw in the air flask at the top center of thc 
sheet. (Never mind the shape Any square or rectangle 
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will do. But be sure to label it “Air Flask.”) The next 
thing we need is a combustion flask, so draw it in at the 
bottom center of the page. And since compressed air goes 
through the combustion flask, draw an air line from the air 
flask straight down to the combustion flask. Color the air 
in the air flask and the air line according to your key. 

On one side of the air flask, draw the water compartment; 
on the other side draw the fuel compartment. (Don’t 
forget to label them.) And draw in the fuel line from the 
fuel compartment to the combustion flask, and the water 
line from the water compartment to the combustion flask. 
Color both compartments, and their deliverv lines, according 
to your key. 

The mixture of hot gases that comes out of the combustion 
flask goes straight to the turbine. When you draw an open- 
ing at the bottom of the flask, put in an arrow pointing down. 
And label the opening “To Turbine.” Now your diagram 
should look something like figure 8-1. 

There you have the principal parts of the air system. 
The drawing isn’t complete; we’11 need a few more parts to 
make the system useful in a torpedo. But your drawing 
shows the main essentials of an air system. 

Now let’s study your drawing to see what else we’11 need. 
(You can put in new parts by erasing and adding to your 
first drawing, or by making a new one—whichever seems 
easier.) First of ali, look at the air line. We need a valve 
in this line, because you’11 often have to work on the rest 
of the system when the tank is charged. With a valve in 
the line, we can shut off the flask pressure from the rest of 
the system. So draw a stop valve in the air line, just under 
the air flask. 

With the stop valve closed, you can disassemble the 
afterbody from the air flask, even when the flask is fullv 
charged. In actual practice, you’11 keep the stop valve 
closed when the torpedo is out of the tube. You’11 open it 
only to charge the flask, or when you want to test parts of 
the air system with flask air. You open the stop valve by 
hand when you load the torpedo into the tube. 
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Figure 8-1Diagram of the air System—First drawing. 
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Your main air line needs another valve. Otherwise, the 
air would enter tlie combustion flask as soon as you opened 
the stop valve. You need a valve that will open automati- 
callv when 3 r ou fire the torpedo. So draw in a starting 
valve, between the stop valve and the combustion flask. 

Now look at your fuel and water lines. There’s no wav 
for fuel and water to get into the combustion flask, except to 
trickle in. But when the torpedo is under way, we want 
compressed air to force fuel and water into the flask. 
From your main air line, run a branch line to the top of the 
fuel compartment. And run another branch line to the 
top of the water compartment. Since we don’t want any 
pressure in these compartments before you fire the torpedo, 
start your branch lines at a point between the starting valve 
and the combustion flask. Draw arrows beside ali your 
lines, to show which way the air and liquids will flow. Now 
your drawing sliould look something like figure 8-2. 

The air system in your second drawing (fig. 8-2) is a big 
improvernent over the one in your first drawing (fig. 8-1). 
Now you can shut off the air pressure at the flask, to keep it 
from reaching the rest of the system. When you fire the 
torpedo, the starting valve will open au torna tically. Air will 
enter the combustion flask, and it will force fuel and water 
into the flask. 

Take another look at your second drawing, and let’s see 
what else we need to make a useful air system. 

First of ali, we need some way to charge the air flask. 
That calls for a charging valve. Draw it between the stop 
valve and the starting valve. Here’s an outline of the main 
steps youfll follow to charge the flask. (We’11 give you the 
full details in volume 2.) 

1. Close the stop valve (if it isn’t already closed). 

2. Connect the charging line to the charging valve. 

3. Open the stop valve. 

4. Open the valve in the charging line, and charge the 
flask to full pressure. 

5. Close the stop valve. 

6. Close the valve in the charging line. 
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7. Disconnect the charging line. 

Note that air will not flow to the rest of the system while 
you’re charging the flask, becausc it/s blocked off at the 
starting valve. The starting valve opens only when you 
fire the torpedo. What opens it? For that, \ve need a 
starting gear. Put one in your drawing, at one side of the 
starting valve. The starting gear is operated bv a starting 
lever, which projects upward on the outside of the afterbody 
shell. When the torpedo begins to move forward in the tube, 
the tube tripping latch strikes the starting lever and throws 
it aft. 

The starting gear is connected to the starting valve by an 
air line. Put this line in your drawing. Beside it draw an 
arrow to show that air flows from the starting valve to the 
starting gear. The air in this line will be blocked off at the 
starting gear. When the starting lever moves aft, it lets air 
flow through this line, and the pressure in the line drops. 
The starting valve is designed to open when the pressure 
in this line drops. 

In your drawing, you have air at full flask pressure—2,800 
psi—going to the combustion flask, and to the fuel and water 
compartments. Thafs bad. Fuci and water will flow too 
fast, and your air supply will be used up too soon. You need 
a reducing valve to drop the flask pressure down to a 
useful working pressure—about 500 psi. Draw in the 
reducing valve, between the starting valve and the branch 
lines to the fuel and water compartments. 

Now you have reduced-pressure air going to the combus¬ 
tion flask, and to the fuel and water compartments. Use a 
new color, or a new kind of crosshatching, for reduced- 
pressure air. And make a new entry in your key. Now 
your drawing should look like figure 8-3. 

Your air system is getting better and better, but it’s 
stili incomplete. For one thing, youYe wasting air at the 
starting gear. As soon as you fire the torpedo, air will begin 
to flow through this gear. Instead of wasting it, lefs run it 
back into the air S 3 r stem. Draw an air line from the starting 
gear back to the main air line. Because the air pressure 
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Figure 8-3.—Diagram of the air >y>tem—third drawing. 
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drops when it goes through the starting gear, bring the 
return line in on the low pressure side of the reducing valve. 

In chapter 7 you learned that we use flask-pressure air to 
blow the exercise head at the end of an exercise run. The 
air-releasing mechanism in the exercise head opens auto- 
matically when the pressure in the flask drops to a pre- 
determined value. Draw an air line from the top of the 
flask, going up toward the top of the paper, and label it 
“To Exercise Head. ,, 

We need a valve in this line so we can close it off for a war 
shot. In the line that goes to the exercise head, draw in a 

BLOW VALVE. 

Now take another look at your fuel and water lines. 
There^ nothing there to keep fuel and water from trickling 
and sloshing into the pot before you fire the torpedo. Draw 
a fuel check valve in your fuel line, between the fuel 
compartment and the combustion flask. This valve has a 
spring that holds it shut, and keeps fuel from trickling through 
the line. But as soon as working-pressure air enters the 
fuel compartment, the pressure of the fuel will overcome the 
spring pressure and open the valve. Then fuel can flow 
freely to the combustion flask. 

In your water delivery line, draw in a water check 
valve. 

Look at the air lines that go to the fuel and water com- 
partments. There’s nothing to keep fuel and water from 
sloshing into these lines and backing up into the rest of the 
air system. So put an air check valve in each of these 
lines. Springs keep these valves closed. But as soon as 
the starting valve opens, air pressure will open both the air 
check valves. Then working-pressure air will flow to the 
fuel and water compartments. 

Now your drawing sliould look like figure 8-4. (Re- 
member that the parts of your drawing don’t have to be 
the same size and shape, or in the same place, as those in 
figures 8-1 to 8-5. If you have the parts connected properlv, 
your drawing is correet.) 

What else do we need? WeVe learned from experience 
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that the reducing valve works bcttcr with warm air than 
with cold air. That means wc need a preheater in the 
liigh-prossure air line. Tlie preheater is simply a loop in the 
line, mounted in the afterbody where the turbine exhaust 
can flow over it. Draw a loop in your higli-pressure air line 



Figure 8-4.—Diagram of the air system—fourth drawing. 
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to represent the preheater. Put it between the charging 
valve and the starting valve. 

Now your air system is complete except for the “odd jobs.” 
We use flask-pressure air to bring the gyro up to speed. So 
draw a braneh air line to the gyro-spinning mechanism. 
Start it at a point between the starting valve and the 
reducing valve. 

In the top of the combustion flask draw an igniter, and 
run a working-pressure air line to it. And make another 
working-pressure line for the control mechanisms. Since 
the clearances in the control mechanisms are extremelv 
close, we’ll need a filter to keep out dirt and dust. Run 
this line to an air strainer body. From the air strainer 
body, run lines to the steering engine and the depth 

ENGINE. 

We use compressed air to keep the gyro spinning through- 
out the torpedo run. But working pressure is too high for 
the gyro. We need a gyro reducer to drop the working 
pressure down to 125 psi. Draw an air line from the air 
strainer body to the gyro reducer, and from there to the 
gyro. 

Now your drawing of the air system is complete. It 
should look something like figure 8-5. But remember this: 
Your drawing does not show what the parts actually 
look like, and it does not show their actual position in 
the torpedo. (For example, the preheater is really in the 
turbine exhaust, the fuel and water compartments are up 
forward with the air flask, and the control mechanisms are 
in the afterbody.) 

For a review, we’ll list all the operations of the air system 
during a war shot. But first let’s see how things are just 
before you fire the torpedo. 

The torpedo is loaded in the tube. The stop valve is 
open. The charging valve will let air flow to the starting 
gear; but its charging fitting is closed so tliat no air can 
leak outboard at this point. Becausc this is a war shot, 
the blow valve is closed. There’s flask-pressure air in the 
preheater. There^ flask-pressure air on the flask side of 
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Figure 8-5.—Finished diagram of the air system. 

the starting valve, and in the line from the starting valve 
to the starting gear. But the air is blocked off at the starting 
valve and starting gear. There’s no pressure in the system 
beyond those points. 
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Here’s what happens when you fire the torpedo. (Although 
we’ll list the operations in numbered steps, remember this: 
As soon as the starting valve opens, all the rest of these 
operations happen almost simultaneously.) 

1. As the torpedo begins to move forward in the tube, the 
tripping latch in the tube strikes the torpedo’s starting lever, 
and throws it aft. 

2. The starting gear vents the line from the starting valve, 
and the pressure in this line drops. 

3. The starting valve opens. 

4. Flask-pressure air goes to the gyro-spinning mechanism, 
which spins the gyro and quickly brings it up to speed. 
(As vou’11 learn in chapter 10, this mechanism shuts itself 
off as soon as the gyro reaches full speed. Then no more 
air goes to the spinning mechanism.) 

5. Flask-pressure air passes through the reducing valve, 
which drops it to working pressure—about 500 psi. 

6. Air from the starting gear passes back into the system 
on the low-pressure side of the reducing valve. 

7. Working-pressure air flows into the combustion flask 
through an air whirl. 

8. Working-pressure air opens the air clieck valve in the 
line to the fuel compartment. The pressure in the fuel com- 
partment opens the fuel check valve, and fuel flows into the 
combustion flask through a fuel spray. 

9. Working-pressure air flows to the igniter and starts 
it burning. The igniter ignites the fuel-air mixture. 

10. Working-pressure air opens the air check valve in the 
line to the water compartment. The pressure in the water 
compartment opens the water check valve, and water flows 
into the combustion flask through a water spray. 

11. A mixture of hot compressed air, combustion gases, 
and steam strikes the turbine blades, and spins the turbine. 
The turbine, through the gears and sliafts of the main 
engine, spins the propellers. 

12. Working-pressure air passes through tlie air strainer 
to the depth engine. The depth engine will then operate the 
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depth rudders as soon as it gets an order from the depth 
control mechanism. 

13. Air from the air strainer bodv goes to the steering 
engine. The steering engine will then throw the steering 
rudders as soon as it gets an order from the gyro. 

14. Air from the air strainer body goes through the gyro 
reducer, which drops its pressure to 125 psi. This low- 
pressure air keeps the gyro spinning. 

PARTS OF THE AIR SYSTEM 

Now you know wliat parts make up the air system, and 
you have a fair idea of what they do. Wliere do we go from 
here? We’ll take up the parts one by one, to show you 
what they actuallv look like and how they’re assembled in 
the torpedo. 

Note. The Mk 18 torpedo is driven by an electric motor; 
it has no combustion flask, and no fuel or water compart- 
ments. Its air system is a lot simpler than the one you drew. 
We’ll describe it later. From now on, until further notice, 
assume that evervthing we say applies only to torpedoes 
Mk 13, 14, 15, and 23. 

Air Flask Section 

The air flask section is by far the biggest section of the 
torpedo. (In the Mk 13 it makes up about a third of the 
total length; in the Mks 14 and 23 it’s nearly half of the 
torpedo’s length; in the Mk 15 it’s a little more than half.) 
The air compartment itself takes up most of the space in the 
air flask section. Figure 8-6 shows a cutaway view of the 
air flask section of a Mk 15 torpedo. The left-hand end of 
this picture is forward. Note that part of the flask has been 
out out; the flask is actually‘longer than that shown in the 
picture. (If you ignore the cutout section, this picture would 
be about right for the Mks 14 and 23 torpedoes. The flask 
of the Mk 13 would be relatively shorter.) 

Ah flasks are of two types. In both kinds, the flask is 
closed by a dome-shaped bulkhead at each end. In the older 
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Fi gure 8-6.—Air flask section of the Mk 15 torpedo (cutaway view). 


type forged flasks, both bulkheads are removable. The 
forward bulkhead is held on its seat by screws. The after 
bulkhead is secured by threads around its rim. The pressure 
in the flask holds both bulkheads firmly against their seats. 
In the newer, welded flasks, both bulkheads are welded in 
place and you can’t remove them. 

Figure 8-7 shows the forward bulkhead of a welded air 
flask. In its center is a small, removable bulkhead, which 
gives you access to the inside of the flask. A clamp and lock 
nut hold the small bulkhead in place, and the pressure inside 
the flask forces it firmly against its seat. The small bulkhead 
is easy to remove when there^ no pressure in the flask. 
Disconnect the blow valve line from the nipple (D in fig. 
8-7). Remove the clamp and lock nut. Using the speciai 
tool provided for this purpose, push the bulkhead in and 
rotate it 90° (so that the nipple is at one side instead of at 
the top). Turn it parallel to the deck. Then pull it toward 
you, out through the opening. The bulkhead is flattened on 
two opposite edges, and these flats pass through slots in the 
bulkhead seat. (In fig. 8-7 the slots are hidden behind the 
clamp.) 

A nut and a nipple connect the main air pipe to the after 
bulkhead of the air flask, as you can see in figure 8-8. (You’re 
looking forward in this picture.) Notice the pigtail shape of 
this pipe. The pigtail lets the air flask bulkhead and the 
water compartment bulkhead expand and contract when 
the temperature changes, without putting any strain on 
the nipples. 
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Figure 8-7.—Forward bulkhead of a welded air flask: (A) small forward 
bulkhead; (B) clamp,- (C) lock nut; (D) nipple/ (E) blow valve. 

In figure 8-6, notice tlie dry pipe tliat goes straight into 
the flask from the main air pipe. At the end of an exercise 
run the torpedo floats almost vertically, with its tail down. 
The dry pipe prevents any water tliat may be in the flask 
from running down through the main air connection. 

Water Compartment and Fuel Flask 

The water compartment is enclosed by the outer shell of 
the torpedo. It’s closed at its forward end by the after 
bulkhead of the air flask. At its after end is the water 
compartment bulkhead. This bulkhead fits against a 
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Figure 8-8.—Water compartment and midship ring: (A) filling plug; (B) after 
bulkhead of air flask/ (C) main air pipe,- (D) water outlet pipe,- (E) water 
compartment bulkhead seat. 


ground seat (G in fig. 8-8), and it*s held in place by screws. 

On its forward face, the water compartnient bulkhead 
supports the fuel flask on four brackets. Figure 8-9 
shows the flask in place on the bulkhead. (Remember that 
this is the forward face of the bulkhead you’re looking at.) 
The fuel flask is more or less doughnut-shaped. The flask 
and bulkhead in figure 8-9 were taken from a Mk 15 torpedo. 
Those of the Mks 14 and 23 look very much the same as 
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Figure 8-9.—Fuel flask and water compartment bulkhead: (A) fuel flask; 
(B) water compartment bulkhead; (C) fuel fillins plus,- (D) blowout plug,- 
(E) air inlet pipe,- (F) fuel outlet pipe,- (G) bracket. 

this one, except that their fuel flask is slightly smaller. The 
Mk 13 uses the same parts, but tliey look a little different. 
The fuel flask is a slimmer doughnut; it comes closer to the 
shape of an inflated automobile inner tube. 

Here are some statistics on fuel and water capacities. 

Fuel Water 

( pints ) ( pinis) 

Mk 13_ 20 46 

Mk 14, 23_ _ _ _ 33 80 

Mk 15_ 47. 5 125 
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Use your imaginat ion to picture the water compartment 
bulkhead (fig. 8-9) mounted on its seat (fig. 8-8). The 
main air pipe passes through the opening in the middle of 
the fuel flask. A nut and a nipple secure the main air pipe 
to an opening in the center of the bulkhead. And the water 
compartment completely surrounds the fuel flask. At A 
in figure 8-8 is a filling plug in the outer shell of the torpedo. 
In the assembled torpedo, the fuel filling plug (C in fig. 8-9) 
lies directly under the outer filling plug. This one plug, 
then, gives you aceess to both the fuel flask and the water 
compartment. 

Compare figures 8-8 and 8-9 with figure 8-6, to see how 
things go. It’s a good idea to refer to the last drawing you 
made (or to fig. 8-5) from time to time as you go along. 
That will give you an idea of how our air systcm as a whole 
is shaping up. 

If you take another look at figure 8-9, you can see the 
blowout plug (marked “D”) near the top of the bulkhead. 
This is a safety feature. If the reducing valve sliould fail, 
or if the main air pipe should break, air at full flask pressure 
would enter the water compartment. But, if this happens, 
a copper disc in the blowout plug will give way. The high 
pressure will be vented through the plug and into the mid- 
ship section, without serious damage to the water 
compartment. 

In figure 8-9 you can also see the two nipples to wliich 
you connect the lines from the fuel flask—one for the air 
inlet pipe and the other for the fuel outlet pipe. 

Midship Section 

The midship section of the torpedo (F in fig. 8-8) is very 
short. It’s a forged Steel ring, riveted and soldered to the 
after end of the air flask section. Its after end is machined 
to form a joint with the afterbody. 

Figure 8-10 sliows the outside of the midship section of a 
Mk 15 torpedo. (You’re looking down at the top of the 
torpedo.) As you can see, the midship section carries ali 
these parts: 
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Stop valve 

Charging valve 

Fuel check valve 

Water check valve 

Fuel and water strainers 

Air check valves for fuel and water 

Speed-setting socket (Mks 14 and 15 only) 

Each of these parts is clearly marked on the outside of the 
midship section shell. 

When the torpedo is under way, sea water floods the mid- 
ship section through openings in its shell. Some of the fit- 
tings in the midship section have to carry hot gases. The 
sea water that flows around them keeps them from over- 
heating. 



Fisure 8-10.—Midship section of a Mk 15 torpedo: (A) access hole (permits 
connection of air pipe to air check valves, and main air connection to 
starting valve); (B) air check valve (fuel); (C) air check valve (water); 
(D) charging valve; (E) stop valve; (F) fuel and water filling plug; (G) access 
hole (permits connection of fuel and water check valves to lines leading to 
the combustion flask); (H) fuel check valve; (I) fuel strainer; (J) water check 
valve; (K) water strainer; (L) speed-setting mechanism socket; (M) access 
hole to vent fitting. 


228 


Digitized by AjOOQle 





Fuel, air, and water pass between the air flask section and 
the afterbody through fi ve separate lines. You can secure 
the connections for these lines only after youVe assembled 
the afterbody to the air flask section. The openings in the 
midship section make this possible. 

The openings are clearly marked to sliow which fittings 
you can reach through them. Through the opening marked 
A in figure 8-10, you make two connections—a line from the 
reducing valve to the air check valves, and the line from the 
stop and charging valves to the starting valve (by way of 
the preheater). Through opening G, you can connect the 
fuel and water lines that lead from the fuel and water check 
valves to the combustion flask. Through opening M you 
can reach the vent fitting. (Wefll explain that later.) 

There’s another opening—low on the starboard side—that 
doesnT show in the picture. Through this one you can 
install the igniter and connect its air pipe. 

In figure 8-11, you can see all the valves and fittings that 
are mounted on the after side of the water compartment 
bulkhead. In the assembled torpedo, all these parts are 
enclosed in the midship section. And the valve groups are 
secured to the midship section shell by screws. Notice 
that the stop and charging valves are in a single body; the 
two air check valves are in a single body; and the fuel check 
valve and water check valve, along with the fuel and water 
strainers, are in a single body. 

Follow the main air pipe from the center of the bulkhead 
up to the stop valve. Air goes through the stop valve and 
the charging valve to a nipple on the far side of the stop 
valve. (This nipple is hidden in the picture; it’s behind the 
air check valves.) To this nipple you connect the line that 
takes high-pressure air to the starting valve (by way of the 
preheater). 

On the air check valve body, find the inlet that receives 
air from the reducing valve. From the bottom of the left- 
hand air check valve, a line carnes air to a nipple in the 
bulkhead, and from there into the fuel flask. From the 
bottom of the right-hand air check valve, another line carries 
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Figure 8-11.—Valves and fittings on the water compartment bulkhead. 


air through the clamping nipple in the bulkhead rim, and 
into the water compartment. 

Now find the lower of the two clamping nipples. On the 
water compartment side of the bulkhead, the water outlet 
pipe connects to this nipple. (You can see the water outlet 
pipe in figure 8-8. It’s marked “D”) On the after side 
of the bulkhead, the water delivery line takes water from 
this clamping nipple up to the water strainer and water 
check valve. 
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You can see the fuel delivery line in the upper left part of 
figure 8-11. It carries fuel from a nipple in the bulkhead 
to the fuel strainer and fuel check valve. (Most of the line 
is hidden in the picture; it passos behind the air check valves 
and the stop and charging valves.) On the after side of the 
fuel and water check valve bodv (toward you in figure 8-11) 
you can see two nipples. To these you connect the lines 
that take fuel and water to the combustion flask. 

There’s a line from the air check valves, and another 
from the fuel and water check valves, leading to the vent 
fitting. Any air, fuel, or water that might leak into the 
S 3 ^stem before you fire the torpedo passes through these 
lines. From the vent fitting, another line leads back into 
the afterbody. 

Stop and Charging Valves 

Figure 8-12 shows the stop and charging valves. By 
comparing this picture with figure 8-11, you can see that 
the connection on the right leads to the air flask, and the 
one on the left goes to the starting valve. 



CHARGING VALVE ST0P VALVE 


STOP VALVE 


CHARGING 
VALVE PLUG 

CHECK VALVE 


STOP VALVE PLUG 
LEATHER WASHER 
FOLLOWER 
OPERATING SPINDLE 
STOP VALVE CARRIER 


SPRING 


Figure 8-12.—Stop and charging valves. 


The stop valve plug makes an airtight connection against 
a washer on its seat. Inside the plug is the operating 
spindle. The small threaded follower screws into the inside 
of the plug. The shoulder on the operating spindle makes 
an airtight seal between the plug and the follower, so that 
no air can leak outboard through the stop valve. 
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To open the stop valve, you turn the operating spindle. 
The spindle can’t rise, because its shoulder is bearing against 
the plug. But the square shank at the bottom of the spindle 
turns the threaded stop valve carrier. The carrier rises, 
and lifts the stop valve off its seat. 

The charging valve assembly consists of a plug valve and 
a spring-loaded check valve. To charge the flask, you first 
remove the plug. Spring pressure on the check valve holds 
it shut, so that no air can leak outboard. You screw in the 
charging fitting in place of the plug. The tip of this fitting 
unseats the charging check valve. 

Air Check Valves 

Take another look at your schematic drawing and see if 
you can remember why you drew in the air check valves. 
They*re there to keep fuel and water from leaking back into 
the rest of the air system before you fire the torpedo. Figure 
8-13 shows both a cutaway and a disassenibled view of the 
valves. (The two valves are identical.) 

Before you fire the torpedo, spring pressure holds both 
valves closed. When air from the reducing valve enters 
through Z>, it filis the passage around both valves. Air 
presses down on the flat shoulder at the bottom of the valve. 
And it presses up against the beveled surface on the bottom 
face of the valve. (Look at the valve in the disassembled 
drawing.) Because the beveled surface is larger than the 
flat surface, there’s more force pushing up than down. 
So as soon as working pressure air enters through D , both 
valves open, and deliver air to the fuel flask and the water 
compartment. 

If there’8 a slow leak in the system before you fire the 
torpedo, air might leak between the valve and its guide, and 
fili the space above the valve. Then, when air entered 
through Z>, the valve would open sluggishly, or not at all. 
We have to vent the space above the valves to keep any 
pressure from building up in it. In both valves, the space 
above the valve plug and guide is open to the outlet C that 
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Figure 8-13.—Air checkvalves: 
(A) fuel side; (B) water side; 
(C) outlet to vent fitting; (D) 
inlet from reducing valve;(E) 
restrictiori; (F) air outlet to 
fuel flask; (G) air outlet to 
water compartment. 
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leads to the vent fitting. When you fire the torpedo, and 
the valves open, the flat surface of each valve seats firmly 
against its guide. Then no more air can flow out through 

a 

The air check valves also serve as a safety feature, in 
case leakage builds up excess pressure in the fuel flask or 
the water compartment. If this pressure rises above 5 psi, 
it unseats the check valves, and the pressure passes out into 
the combustion flask. (If you don’t see how this is possible, 
take another look at your schematic diagram, or at figure 
8-5.) 

The restrictiori at E (fig. 8-13) is another safety feature. 
A quick surge of air into the valve might put pressure in 
the fuel flask before it reaches the water compartment. If 
that should liappen, the fuel flask would burst. The re¬ 
strictiori prevents any very sudden rise of pressure, and lets 
the pressure build up in the fuel flask and the water compart¬ 
ment at the same time. 

Fuel and Water Check Valves and Strainers 

Ali four units—the fuel check valve, the water check 
valve, and the two strainers—are lioused in a single body. 
Figure 8-14 is a picture of the assembly. The bottom of the 
picture is a cutaway view; at the top, the parts of one valve 
and one strainer liave been disassembled. The two strainers 
are identical, as are the two valves. 

Fuel and water enter the combustion flask in a fine spray. 
The two strainers filter out any particles of dirt that might 
clog up the sprav mechanism. Fuel and water enter through 
the top of the strainers, and pass out through the sides. 
From tliere thev go through a ])assage in the housing to the 
under side of the check valve seat. 

The fuel and water check valves are very much like the 
air check valves. They block off the fuel and water lines, 
and keep fuel and water from leaking into the combustion 
flask before you fire the torpedo. Like the air check valves, 
these valves are vented at the top. Any air, fuel, or water 
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Figure 8-14.—Fud and 

water strainers and check 
valves: (A) fuel outlet to 
combustion flask/(B) water 
outlet to combustion flask/ 

(C) outlet to vent fittings; 

(D) water inletfrom water 
compartment;(E) fuel inlet 
(hidden behind housing) 
from fuel flask. 
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that leaks up between the valve and its guide will pass out 
through the vent fitting. When working-pressure air enters 
the water compartment and the fuel flask, fuel and water 
force the valves up off their seats, and flow to the com- 
bustion flask. When the valves open, they form tight seals 
against their guides, to prevent any further leakage through 
the vent fitting. 

Turbine Bulkhead 

The turbine bulkhead closes theforward endof the torpedo s 
afterbody. On its after side it supports the main engine. 
On its forward side it carries several parts of the air system. 
Figure 8-15 shows the forward side of the turbine bulkhead, 
with most of the pipes removed. 
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Note that the bulkhead is dished forward at the top, to 
form the turbine pocket. As youfll see in chapter 9, the 
turbines are just on the other side of the bulkhead, in a 
horizontal position, near the top of the torpedo. The for¬ 
ward edges of the turbines extend into the turbine pocket. 
The turbine pocket supports the nozzle unit. (Find it in 
the picture.) Inside this unit are the nozzles through which 
the hot gases from the combustion flask flow to the turbine. 

Notice that the starting valve and the reducing valve are 
combined in a single housing. To keep your schematic 
drawings simple, we left out the restriction valve. The 
fuel, air, and water ali pass through restrietions before they 
enter the combustion flask. The restriction valve is in 
the same housing with the starting and reducing valves. 

Figure 8-16 shows the forward face of the turbine bulkhead 
with all its pipes in place. The pipes make it look a little 
complicated. But if you compare it with your schematic 
diagram (or with fig. 8-5) as we explain it, you’11 have no 
trouble understanding it. 

(We might mention, in passing, that when the torpedo is 
assembled, all these parts are enclosed by the midship sec- 
tion. But because they’re attached to the turbine bulk¬ 
head, they’re usually considered parts of the afterbody.) 

You remember that five different pipes pass through the 
midship section, carrying air, fuel, and water to and from 
the afterbody. Let’s find these pipes before we do anything 
else. 

At the left side of the picture, above the middle, you can 
see the vent pipe that carries any leakage of air, fuel, and 
water from the check valves into the afterbody. 

At the top of the picture, to the right of center, is the main 
air pipe. This pipe goes through the bulkhead to the pre- 
heater. (The preheater is simply a do\ible loop in the pipe, 
in the path of the exhaust gases from the turbine. You’11 
see a picture of it in' chapter 9.) Just under the connection 
that takes air through the bulkhead to the preheater, you 
can see the pipe that brings it back. From the bulkhead, 
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Figure 8 - 16 .—Forward face of turbine bulkhead, with pipes attached. 


tliis pipe takes air directly into the starting and reducing 
valves. 

Under the main air pipe to the starting and reducing 
valves you can see the low-pressure end of the reducing valve, 
with three pipes leading away from it. Follow the one 
that goes to the right. It bends up to the top center of the 
picture. This is the pipe that takes working-pressure air 
from the reducing valve, through the tvvo air check valves, 
to the fuel flask and .the water compartment. 

At the top of the picture, to the left of center, you can see 
the pipes that carry fuel and water to the restriction valve. 
Follow the fuel pipe down through the restriction valve— 
the pipe comes out underneath the valve—to the fuel spray 
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in the combustion flask. The water pipe goes down through 
the restriction valve, comes out on the bottom of the valve, 
and then divides. It carries water to two water sprays in 
the combustion flask. 

Now find the point near the center of the picture where 
a pipe goes to the lcft from the starting valve. This pipe 
carries high-pressure air from the starting valve, through the 
bulkhead, to the gyro-spinning mechanism. The large pipe 
that comes out of the lovver part of the valve group carries 
working-pressure air into the combustion flask. 

Look again at the low-pressure end of the reducing valve. 
Find the pipe that comes toward you, and then goes to the 
left. You remember that the air that goes through the 
starting gear comes back into the system on the low-pressure 
side of the reducing valve. This is the pipe it goes through. 
Attached to the same fitting, at the right-hand end of the 
reducing valve, is a pipe that goes up. It bends around 
behind the main air pipe, and then goes down to the ignit er. 
(The ignit er, you remember, is operat ed by working-pressure 
air.) 

Starting in almost the exaet center of the picture, and 
running a short distance to the right, is the control pipe on 
the reducing valve. This pipe merely carries air from one 
part of the reducing valve to anotlier. You’11 see later what 
it’s for. Starting near the right-hand end of this pipe 
(hidden behind the main air pipe that goes into the starting 
valve) is the pipe that carries high-pressure air from the 
starting valve to the starting gear. You can see where it 
goes through the bulkhead—at the right-hand edge of the 
picture just below center. Just below that point you can see 
another pipe going through the bulkhead. This one carries 
air from the reducing valve to the control valve. (We’11 
explain the control valve later.) 

Figure 8-17 shows the starting and reducing valve group 
removed from the bulkhead. It’s labeled at every point 
where air or fuel or water goes in or out. Study the position 
of these inlets and outlets carefully. And compare figure 
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Figure 8-17.—Starting and reducing valve group. 

8-17 vvith figure 8-15. Then, if tlie maze of pipes on the 
turbine bulkhead stili seems hard to understand, go through 
the explanation again. And don’t forget to refer to your 
schematic diagram as you go along. 

The three pictures in figures 8-15, 8-16, and 8-17 show 
parts of the Mk 15 torpedo. The same parts of the Mk 14 
torpedo are almost identical. The Mk 23 torpedo is like the 
Mk 14, except that there is no speed change mechanism. 
The Mk 13 torpedo differs in several ways from the pictures 
weVe shown you. There is no speed change mechanism. 
The Mk 13 has no preheater. The main air pipe goes directly 
into the starting and reducing valve group. And this valve 
group is of a different type. 

Figure 8-18 is a schematic diagram of the starting and 
reducing valve group. (Remember that this picture applies 
to Torpedoes Mks 14, 15, and 23; we’11 describe the valve 
group of the Mk 13 later.) 

Look at the starting valve first. When the stop valve is 
closed, there^s no air pressure on either side of the starting 
valve. Its spring holds it closed. When you open the stop 
valve, fiask-pressure air flows in through the passage marked 
“1,” and surrounds the bottom part of the valve. A deep 
groove runs all the way around the bottom of the valve, and 
flask-pressure air filis this groove. It pushes up against the 
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Fisure 8-18.—Schematic diagram of the starting and reducing valve group. 


top of the groove, and pushes down against the bottom of it. 
(Note carefully: When we say “up” and “down,” we’re 
referring only to the diagram in figure 8-18—not to the 
actual valve as it’s assembled in the torpedo.) 

Since the flask-pressure air has a larger area to push up 
on than to push down on, it tends to push the valve up, and 
open it. But while you’re opening the stop valve, air leaks 
up through a small passage in the starting valve and filis the 
space above it. This air goes through the connection at 
“2,” to the starting piston of the starting gear. But until 
you fire the torpedo, this passage is blocked off at the 
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starting gear. By the time the stop valve is fully open, the 
space above the starting valve is filled with flask-pressure air. 
Since this air is now pushing down on a much larger area 
than it’s pushing up on, air pressure helps the spring keep 
the starting valve closed. 

You already know what happens when you fire the torpedo. 
The starting gear opens the air line, and the pressure above 
the starting valve drops. The pressure at the bottom of the 
valve opens it, and flask-pressure air flows into chamber “3.” 
From there it goes to three different places. It goes to the 
right, and flows around the bottom end of the reducing 
valve stem. It goes through the control pipe (6), through a 
small restriction at “9,” and into the control chamber (7). 
And it goes through the outlet “4” to the gyro-spinning 
mechanism. 

Find the letters A, B, C, and D on the lower part of the 
reducing valve stem. These letters refer to the different 
cross-sectional areas that the air pressure acts on. In the 
picture, the valve is partly open. Use your imagination to 
picture the valve stem in a higher position, with the valve 
completely closed. Then you’11 have flask pressure pushing 
upward on the area A minus B. And it will be pushing 
downward on the area C minus B . (Check this in the dia- 
gram.) Since A minus B is bigger than C minus B, the net 
force is upward, and the valve stays closed. 

But air is also going through the control pipe (6) and the 
restriction (9), into the control chamber (7). There it pushes 
down on area E , and forces the valve open. As soon as the 
valve is open, air flows into the reduced-pressure chamber 
(8). And there it pushes up against area Z>, and tends to 
close the valve again. So the valve stem moves up and 
down until it finds a point at wliicli the upward forces 
exactlv balance the downward forces. 

The control valve is a spring-regulated leak-off for the 
control chamber. As air pressure builds up in the control 
chamber, it moves the control valve against the pressure of 
its spring. Because the restriction at “9” is small, pressure 
builds up rather slowly in the control chamber. When it 
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reaches a certain pre-set value, the piston of the control 
valve uncovers a groove in the control valve housing and some 
of the air leaks out. So the control valve serves to keep 
the pressure in the control chamber constant. The actual 
pressure on the reduced-pressure side of the valve depends 
on the pressure in the control chamber. You can adjust the 
working pressure, to a certain extent, by adjusting the 
pressure on the control valve spring. 

As the torpedo uses up the air in the air flask, the flask 
pressure gradually drops. But the working pressure remains 
constant. And you can easily see why. If the pressure in 
chamber “8” should start to drop, the upward pressure on 
area D would also drop. The valve would open wider, letting 
more air into “8.” If the pressure in “8” should get too 
high, it would tend to close the valve, and bring the working 
pressure back down to normal. 

From the reduced-pressure chamber (8), the working- 
pressure air goes to three places. It goes through passage 
“11” to the igniter. It goes through “12” to the two air 
check valves. And it goes through the restriction in the 
restriction valve, into chamber “5,” and from there to the 
combustion flask. You can see two other passages through 
the restriction valve stem—one about halfway up and one 
near the top. Fuel and water pass through these two upper 
passages. (The restriction valve is sometimes called the 
“distribution valve.”) 

The passages through the restriction valve control the 
rate at which air, fuel, and water enter the combustion flask. 
You can change the delivery rate, and therefore the running 
speed of the torpedo, by turning the restriction valve stem 
on its axis. Turning the valve stem will bring other passages, 
of different diameter, into position. 

As you can see in figure 8-17, there’s a spur gear on the 
end of the restriction valve stem. When you make the speed 
setting, the gear train of the speed setting mechanism (fig. 
8—15) drives the spur gear, and turns the restriction valve 
stem to the proper position. 

Because the Mk 15 is a 3-speed torpedo, there are three 
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sets of passages through its restriction valve. The Mk 14 
torpedo, with only two speeds, has two sets of passages. In 
the Mk 23, which operates only at high speed, the restriction 
valve stem is locked in its high speed position and can’t 
turn. The Mk 13 torpedo has no restriction valve. 

Starting and Reducing Valves of the Mk 13 Torpedo 

Figure 8-19 is a diagram of the starting and reducing 
valve assembly of the Mk 13 torpedo. 

The starting valve is very much like the one youVe alreadv 
studied. FI ask-pr essure air from the stop valve goes into the 



Figure 8-19.—Starting and reducing valve group of the Mk 13 torpedo. 
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passage marked “Air Intake.” At the top of the valve, the 
passage marked “Air Exhaust” leads to the starting gear. 
When the starting gear operates, the pressure in this passage 
drops, and the starting valve opens. As in the other tor- 
pedoes, flask-pressure air then goes to the gyro-spinning 
mechanism. 

The reducing valve is open, even before the starting gear 
opens. Air from the starting valve flows into the chamber 
under the reducing valve, up through the valve, and into 
the reduced-pressure chamber. But before this air can go 
to the combustion flask, it hits the restriction and slows 
down. And that builds up pressure in the reduced-pressure 
chamber. This pressure pushes down on the top of the valve. 
As you can see in the diagram, the reduced-pressure air has 
a bigger area to push down on than the flask-pressure air 
has to push up on. For that reason, reduced-pressure air 
above the valve can balance high-pressure air below it. 

At the bottom of the valve stem is a heavy spring, under 
compression. This spring tends to push the valve stem up, 
and open the valve. Surrounding the valve stem, about 
halfway up, is the sylphon. The sylphon is a flexible metal 
bellows that forms an airtight chamber around the valve 
stem. When air enters the reduced-pressure chamber, it 
flows down through the passage on the right side of the valve 
body, and filis the space around the sylphon. (No air pres¬ 
sure can build up inside the sylphon, since any air that 
leaks through will go out through the vent.) The air pressure 
on the outside of the sylphon tends to compress the bellows, 
pulling the valve stem down. 

So you have two forces pushing down on the valve stem— 
the pressure of reduced air on the top of the valve, and the 
pressure around the outside of the sylphon bellows. And 
you have two forces pushing up—flask-pressure air under 
the valve, and the spring at the bottom of the valve stem. 
When the starting valve opens, the reducing valve flutters 
until it finds a point at which all the upward and downward 
forces are in balance. 

The working pressure will remain constant throughout 
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the run. Any increase in working pressure would add to 
the forces that tend to close the valve. And any drop in 
working pressure would let the opposing forces open the 
valve further. 

Combustion Flask and Nozzle Unit 

Figure 8-20 is a picture of the combustion flask and the 
nozzle unit. Figure 8-21 is a diagrammatic view of the 
same parts. 
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Figure 8-21.—Diagrammatic view of the combustion flask and nozzle unit 

Air from the restrictiori valve enters through a fitting 
near the end of the flask. Through a nipple on this fitting, 
part of the air goes to the air strainer body to operate the 
steering and depth engines. The rest of it enters the flask 
through a whirl or fremixer, which gives it a spinning 
motion. The fuel spray, mounted in the center of the air 
whirl, delivers fuel in the form of a fine mist. The fuel 
and the whirling air mix thoroughly, and the igniter starts 
the mixture burning. Once ignited, the fuel and air mix¬ 
ture keeps burning without any further help from the igniter. 
The igniter burns out after about 6 seconds. 

The two water spray holders are longer than the fuel 
spray holder, and theyYe sct deeper into the combustion 
flask. That gives the air-fuel mixture a chance to burn 
before it meets the water spray. 

The hot combustion gases pass from the combustion flask 
to the nozzle unit. They strike the blades of the first tur¬ 
bine wheel, and start it spinning. The gases are deflected 
from the blades of the first turbine wheel and strike those of 
the second turbine wheel, and spin it in the opposite direc- 
tion. (We need two turbine wheels, spinning in opposite 
directions, so that their gyroscopic action will cancel out. 
The gyro action of a single turbine wheel would interfere 
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with steering the torpedo. You’ll learn about gyro action 
in chapter 10.) 

Notice in figure 8-21 that the combustion gases pass 
through five separate nozzles before striking the first tur¬ 
bine wheeh When the nozzle valve enters the nozzle unit, 
it will block off three nozzles, leaving only two of them open. 

The diagram in figure 8-21 represents the nozzle unit of 
a Mk 14 torpedo. The Mk 14, you remember, has two 
speeds. In the high speed position, ali five nozzles are 
open. In the low speed position, only two of them are open. 

The Mk 15 torpedo gives you a choice of three speeds, 
and its nozzle valve has three different positions: 

High speed—all five nozzles open 
Intermediate speed—two nozzles open 
Low speed—one nozzle open 

The Mk 23 torpedo has only one speed; all five of its nozzles 
are always open. The Mk 13 has only three nozzles, but 
they’re always open. 

Speed Change Mechanism 

When you change the speed setting in a Mk 15 torpedo, 
vou do three things: 

1. Change the size of the restrictions in the distribution 
valve. 

2. Change the number of nozzles covered by the nozzle 
valve. 

3. Sliift the gears in the main engine. 

Figure 8-22 is a diagrammatic view of the speed change 
mechanism of the Mk 15 torpedo. To change the speed 
setting you insert the setting tool in the socket and turn it. 
The setting tool rotales the operating shaft. The shafV 
through its gear train, turns the restriction valve stem. 
One of the gears in this train meshes with a rack on the 
lower end of the nozzle valve stem, so that turning the 
operating shaft will raise or lower the nozzle valve. 

Mounted on the operating shaft is a cam. The insert in 
the upper riglit of figure 8-22 shows how the cam changes 
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Figure 8-22.—Speed chonge mechanism of the Mk 15 torpedo. 

the rotary motion of the shaft to a fore-and-aft motion of 
the gear shift operating rod. In chapter 9, we’ll show you 
how this rod shifts the gears. 

Figure 8-22, you remember, refers to the Mk 15 torpedo. 
The Mk 14 has no intermediate speed. Its speed setting 
mechanism differs from that of the Mk 15 in three ways: 

1. The restriction valve stem has onlv two possible 
positions, instead of three. 

2. The nozzle valve has only two possible positions, in¬ 
stead of three. (Compare the nozzle valve of the Mk 15 
in figure 8-22 with that of the Mk 14 in figure 8-21.) 
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3. The Mk 14 doesn’t shift gears; its speed depends only 
on its restriction valve and its nozzle valves. There’s no 
cam on the operating shaft, and no gear shift operating rod. 

The Mk 13 and Mk 23 torpedoes, of course, have no speed 
change mechanisms. 

Igniter 

When you’re transporting the torpedo, or overhauling it, 
you keep a dummy igniter in place in the combustion flask. 
When you make the torpedo ready for firing, you remove the 
dummy igniter and screw in a real one. Then you remove 
the protecting nut and lead disc, and attach the air line 
from the reducing valve. Figure 8-23 is a cutaway view of 
Igniter Mk 6 Mod 2. 


,er thr 
liagrar 
hragm 
the h( 


'8 










igniter builds up to about 250 psi. Then they suddenly 
give way. The housing and the firing pins snap down, and 
fire the primer caps. Flame from the caps spurts down 
through the two ignition tubes, blows out the end seal, and 
lights the ignition charge. The ignition charge burns from 
the bottom upward. 

AIR SYSTEM OF THE MK 18 TORPEDO 

The air system of the Mk 18 torpedo is simple, because 
the Mk 18 uses air only for its odd jobs. 

Air is carried in three small flasks in the afterbody. Flask 
pressure is 3,000 psi, rather than 2,800 psi. The stop and 
charging valves are similar to the ones youVe studied; but 
they’re in separate bodies, and theyYe both mounted in the 
afterbody. There is no starting valve; the starting gear, 
itself, operates as a starting valve. When you fire the 
torpedo the starting gear sends flask-pressure air to four 
different places. 

1. To the air-releasing mechanism in the exercise head. 
(There’s no blow valve. For a war shot, } r ou blank off this 
line right at the starting gear.) 

2. To the motor starting switch, to start the electric motor. 

3. To the gyro-spinning mechanism, to bring the gyro 
up to speed. 

4. To the reducing valve. 

The reducing valve is built a little differently from the 
ones you've studied. But it works on the same principle. 
When air pressure in the reduced-pressure chamber gets too 
high, it tends to close the valve. When it drops too low, it 
allows the valve to open wider. If you find it necessary to 
work on this valve, you’11 have no trouble understanding it. 

The reducing valve sends air to only two places—the 
steering engine and the depth engine. The Mk 18 torpedo 
doesn’t use air to keep its gyro spinning. After the spinning 
mechanism brings it up to full speed, the gyro just coasts. 

SOURCES OF CONFUSION 

In this chapter we’ve used two different terms for air at 
two different pressures: 
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Flask-Pressure Air, by which we mean the air in the 
air flask at the time you launeh the torpedo. Its pressure 
is 3,000 psi in the Mk 18, and 2,800 psi in the others. 

Working-Pressure Air, by which we mean the aii 
supplied to the liquid tanks and the air strainer body by 
the reducing valve. Its pressure is about 500 psi. 

But these aren’t the only terms youVe likelv to hear. 
The term “high-pressure air” is often used to refer to what 
we call “flask-pressure air.” Some torpedo specifications 
use the term “working-pressure air” to refer to what we call 
“flask-pressure air.” What they actuallv mean is the work- 
ing pressure of the air flask, as opposed to its hydrostatic 
test pressure (4,000 psi). 

Many of the OP’s use the term “reduced-pressure air” 
for what we call “working-pressure air.” WeVe avoided 
that term because it makes no distinction between working 
pressure (about 500 psi) and gyro-sustaining pressure 
(125 psi). 

And many Torpedoman’s Mates in the Fleet use the term 
“low-pressure air” for what weVe called “working-pressure 
air.” WeVe avoided that too, because 500 psi isn’t exactly 
low. And the pressure of the gyro-sustaining air is much 
lower. 
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QUIZ 

1. Explain the difference between a cold run and a hot run. 

2. Why do we inject water into the superheater ? 

3. What other jobs does the compressed air do in the torpedo, besides 
spinning the turbine? (Seven are listed in the chapter. See how 
many you can list.) 

4. What is the function of the stop valve? 
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5. List the steps in charging the air flask, as we gave them to you in 
this chapter. (Bear in mind that this is not a complete checklist 
of all the steps.) 

6. For a war shot, should the blow valve be open or closed ? Why ? 

7. What is the purpose of the fuel and water check valves? 

8. What is the purpose of the air check valves? 

9. In those torpedoes that have a preheater, where is it located? 
What is its purpose? 

10. From the air strainer body, air goes to three places. Name them. 

11. List all the operations that take place in the air system, starting at 
the moment you fire the torpedo. (Assume this is a war shot.) 

12. What is the main difference between the forged and the welded air 
flask? Which is the newer type? 

13. In a Mk 15 torpedo, where is the fuel flask located? Why does it 
have a hole in the middle ? 

14. Why is the main air pipe shaped like a pigtail ? 

15. Why do we allow sea water to flood the midship section when the 
torpedo is under way? 

16. In a Mk 15 torpedo, five pipes pass from the air flask-midship 
section to the afterbody. Teli what each of these pipes carries. 

17. Explain, as briefly as possible, the working prineiple of a reducing 
valve. 

18. Which torpedo uses a svlphon bellows, rather than a control valve, 
to control the action of the reducing valve? 

19. The Mk 15 is a 3-speed torpedo. What three mechanisms does it 
use to control its speed? Which of these three is xor a part of the 
Mk 14 torpedo? 

20. This question is about the Mk 14 and Mk 15 torpedoes. On a sheet 
of paper make four columns, and put these headings on them: 

(1) Air flask section 

(2) Midship section (includes the after side of the water coirmart.- 
ment bulkhead) 

(3) Turbine bulkhead 

(4) Inside the afterbody 

Now put each of these parts in its proper column, according to its 
location: vent fitting; air check valves; turbines; nozzle valves; 
blow valve; blowout plug; filling plug; control valve; pigtail pipe; 
air flask; speed-change mechanism (excluding the gearshift); water 
compartment; combustion flask; fuel flask; preheater; fuel and 
water sprays; small removable bulkhead; starting gear; starting and 
reducing valves; air strainer body; gyro spinning mechanism; 
igniter; restriction valve; stop and charging valves; depth and 
steering engines; fuel and water check valves. 
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AFTERBODY AND TAIL SECTIONS 

The afterbody and tail are the last two sections of the 
torpedo. The afterbody of the Mk 13 torpedo has the shape I 
of a truncated cone. (A truncated cone is a cone with the i 
pointed end sliced off.) In ali other torpedoes the forward 
part of the afterbody is a cylinder, and the after part a 
truncated cone. And the cylindrical part curves gentlr 
into the conical part. 

These are the principal contents of the afterbody: 

1. Several parts of the air system: the starting gear, the 
air strainer body, and the gyro reducer; and, in torpedoes 
Mks 14, 15, and 23, the prelieater and the control valve. j 

2. The main engine, including the turbines, gears, and 
drive shafts, and the frames and bearings that support these 
parts. 

3. The lubricat ion system for the main engine, including 
an oil pump and one or more oil tanks. 

4. The exhaust pipes. 

5. The control mechanisms, including the gyro mechanism, 
depth mechanism, steering engine, and depth engine. 

Now, if you’ll unfokl figure 9-1, you’ll see a cutaway 
view of the afterbody of a Mk 14 torpedo. You’re looking 
at it from the port side. We suggest that you give this 
picture several minutes of preliminary study. Go through 
the key (below), two or three times and find the parts in the 
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picture. Learn the names of the parts and their general 
location. Then, as we describe each part, turn back to this 
figure to see how it fits in. After you finish the chapter, 
come back to this picture for a final review. 

Here’8 the key to the numbered parts in figure 9-1. 


1. Turbine casing (splash pan) 

2. Middle bearing 

3. Turbine spindle casing 

4. Turbine bulkhead 

5. Engine cage 

6. Driving pinion (first turbine 
pinion) 

7. Top bearing holder 

8. First turbine wheel 

9. Second turbine wheel 

10. Afterbody shell 

11. Oilbolt 

12. Main driving gear 

13. Upper A-frame 

14. Engine frame strut 

15. Preheater 

16. Air return, starting gear to 
rcducing valve 

17. Oil tank vent pipe 

18. Vertical bulkhead 

19. Depth index assemblv 

20. Gyro reducing valve 

21. Oil tank filling flange 

22. Oil filling pipe 

23. After propeller shaft 

24. Pallet mechanism driving 
shaft 

25. Starting gear 

26. Air from combustion flask 
to air strainer body 

27. High-pressure air from start¬ 
ing valve to starting gear 

28. Air from strainer body to 
steering engine 

29. Air strainer body 

30. Air from air strainer body to 
depth engine 

31. Forward propeller shaft 


32. Exhaust tubes 

33. After bulkhead 

34. Exhaust valves 

35. Exhaust valve bracket 

36. Oil pump worm 

37. Oil pump 

38. Forward thrust bearing 

39. Forward bevel gear 

40. Crosshead 

41. After bevel gear 

42. Main driving gear 

43. Pipe manifold 

44. Lower A-frame 

45. Forward propeller shaft 

46. High-pressure air from start¬ 

ing valve to gyro spin 

47. Air from reducing valve to 

control valve 

48. Oil tank 

49. After propeller shaft 

50. Pendulum, with related parts 

51. Depth mechanism 

52. Control valve 

53. Gyro side-setting socket 

54. Gyro door frame 

55. Depth engine 

56. Gyro pot 

57. Steering engine (not visible; 

on other side of gyro pot) 

58. Gyro side-setting gear 

59. Gyro spinning and unlockitig 

mechanism 

60. Steering rudder rod 

61. Depth rudder rod 

62. After bearing for propeller 

shafts 

63. Water from tail bearing 

64. Depth rudder connections 
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PARTS OF THE AIR SYSTEM 
Control Valve 

In figure 9-1 you can see the control valve (52) near the 
top of the control mechanism assembly. You studied the 
control valve in chapter 8. As you remember, it’s a con- 
trolled leakoff for the reducing valve. Find the pipe (47) 
tliat takes air from the reducing valve to the control valve. 
A short pipe (not numbered in fisure 9-1) takes the air that 
leaks through the control valve up to the air strainer body (29). 

The control valve is at the top of the control mechanism 
assembly only in the Mk 14 and Mk 23 torpedoes. In Mk 15 
torpedoes it’s in the lower part of the afterbody, abaft the 
control mechanism assembly. In the Mk 13 torpedo, the 
control valve is built into the reducing valve. (The Mk 18 
torpedo has no control valve.) 

Preheater 

The preheater (marked “15” in figure 9-1) is simply a 
double loop of pipe, mounted in the top of the afterbody 
where the exhaust gases from the turbines can pass over it. 
The ends of the pipe that forms the preheater carry flask- 
pressure air to and from the turbine bulkhead. In all three 
torpedoes that have a preheater—Mks 14, 15, and 23—it’s 
in the position shown in figure 9-1. You can see it from a 
different angle in figure 9-14. 

Starting Gear 

The starting gear in all torpedoes is mounted at the top of 
the afterbody shell. We , ll remind you briefly what it does. 
Wlien you open the stop valve, flask-pressure air banks up 
in the line between the starting valve and the starting gear. 
When the torpedo begins to move forward at the instant of 
firing, the tripping latch in the tube trips the starting lever 
on the torpedo’s starting gear, throwing it aft. The starting 
valve opens. And the air that goes through the starting gear 
returns to the low-pressure side of the reducing valve. 
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The starting gear is marked “25” in figure 9-1. The pipe 
(27) brings flask-pressure air from the starting valve to the 
starting gear. The pipe marked “16” takes air back to the 
reducing valve. Trace these two pipes, in figure 9-1, from 
the starting gear back to the turbine bulkhead. 

The basic principle of the starting gear is the same in all 
torpedoes. But because thevVe somewhat different in 
design, we’ll describe them one at a time. 

Starting Gear of the Mk 14 Torpedo 

Figure 9-2 shows the starting gear of a Mk 14 torpedo. 
In figure 9-3, the starting piston body has been cut away to 
sliow the starting piston and the air passages. In both 
pictures you’re looking at the starboard side of the gear; 
the right-hand end of the picture is forward. 



Figure 9-2.—Starting gear of a Mk 14 torpedo: (A) index spindle; (B) starting 
lever; (C) starting piston body. 

In figure 9-3, the starting piston is seated, and no air 
can pass through the starting gear. The starting lever (A) 
is in its forward position, ready to be tripped. The trip cam 
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Fisure 9-3.—Starting gear of a Mk 14 torpedo—cutaway view: (A) starting 
lever; (B) inlet for air from starting valve/ (C) piston lifter/ (D) unlocking 
lever; (E) piston lift; (F) starting piston (in dosed position); (G) trip cam 
spring; (H) outlet for air return to reducing valve. 

spring (G) is connected at the hottom to the starting gear 
frame, and at the top to the trip cam. (Most of the trip 
cam is hidden in figure 9-3; you can see only a part of the 
pivot it turns on.) The hottom part of the starting lever 
is mounted on the shaft of the trip cam. The spring (G) 
is under tension; it tends to rotate the trip cam clockwise 
(when you’re looking from the starboard side, as you are in 
figure 9-3). And the spring, through the trip cam, holds 
the starting lever in its forward position. 

The piston lift (E) is in its lowest position. The unlock¬ 
ing lever, vvliich pivots at the hottom, is under spring tension, 
so that its upper part tends to move forward (to theriglit). 
(You can see the spring of the unlocking lever in figure 9-2. 
It’s been removed in figure 9-3.) The unlocking lever can’t 
move, because it ? s bearing against the catch that extends to 
the left from the piston lifter (C). 

Now let’s see wliat happens when you fire the torpedo. 
The tripping latch in the tube strikes the starting lever and 
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throws it aft (to the left in the pictures). The starting lever 
turns the tripping cam counterclockwise, against the tension 
of its spring. The tripping cam pulls the piston lift up. 
The piston lift raises the piston lifter (C), whicli unseats 
the piston. The piston lifter turns on its pivot, so the 
catch that extends to the left goes down. The unlocking 
lever then snaps to the right. It holds the catch dowii. 
The catch, in turn, holds the piston lifter up, so that the 
starting piston will be held off its seat throughout the torpedo 
run. 

Before you charge the air flask, you liave to seat the 
st arting piston by hand. In figure 9-2 you can see the index 
spindle (A). A special tool fits over the square head of the 
spindle. When you turn the spindle, the unlocking cam 
pushes the unlocking lever back. That frees the catch; 
then the piston lifter, the piston lift, the tripping cam, and 
the starting lever can all return to their original positions. 
And the starting piston can return to its seat. 

Startins Gear of the Mk 15 Torpedo 

The starting gear of the Mk 15 is similar to that of the 
Mk 14. But the Mk 15 gear has an added feature—the 
inertia weight. The inertia weight hangs like a pendulum 
from the starting gear body. A spring holds it in its forward 
position. When the torpedo suddenly moves forward at 
the instant of firing, the inertia weight lags aft. This move- 
inent of the inertia weight provides part of the force that 
unseats the starting piston. 

The inertia weight and the starting lever work together to 
lift the starting piston. Neither of them can do it alone. 
This gives the inertia-type starting gear an added safety 
factor. It’s impossible to start the torpedo accidentally 
just by tripping the starting lever. 

Figure 9-4 shows the starting gear of the Mk 15 torpedo 
in tripped position. (You’re looking at the starboard side 
of it.) The three diagrams in figure 9-5 show how it works. 
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Fisure 9-4.—Starting gear of the Mk 15 torpedo in tripped position. 


In the upper diagram in figure 9-5, the inertia weight is 
forward (to the right). Its spring holcis it there. (The spring 
does not show in the picture.) The starting lever (A) is also 
forward, and it’s lield in place by its spring (B). 
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NORMAl POSITtON BEFORE RRING 



OPERATION BY STARTING LEVER 



OPERATION BY INERTIA WEIGHT 


Figure 9-5.—Operation of the Mk 15 starting gear. 
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Nomenclatore follows For figure 9-5 on page 261: (A) starting lever; 

(B) spring and spring rod/ (C) piston liFter; (D) starting piston; (E) trip cam; 

(F) toggle/ (G) toggle link; (H) inertia weight/ (I) inertia latch; (J) inertia 

latch arm; (K) inertia latch loclcing lever; (L) tripping cam on index spindle; 

(M) index spindle; (N) tripping slide; (O) toggle loclcing lever. 

The middle diagram of figure 9-5 shows what happens 
when the tripping latch throws the starting lever aft. The 
starting lever turns the trip cam (E) which turns the toggle 
(F). The toggle lifts the toggle link (G). And the toggle link 
carries the piston lifter (C) up toward the starting piston— 
but not far enough to unseat the piston. The toggle lock- 
ing lever (O) locks the toggle and holds the piston lifter in 
position. 

In the bottom diagram (fig. 9-5) you can see how the 
inertia weight completes the action of the starting gear. The 
weight lags aft (to the left). The inertia weight rotates the 
lug on the inertia latch (I), and that raises the inertia latch 
arm (J). The inertia latch arm lifts the toggle link (G) and 
the piston lifter (C). The piston lifter completes its upward 
travel and imseats the starting piston. The inertia latch 
locking lever (K) catclies the inertia latch (I) and holds the 
inertia weight aft. 

To seat the valve by hand, you turn the index spindle. 
The cam on the spindle moves the tripping slide, which 
unlatches the mechanism and allows the stop piston to return 
to its seat. 

Other Starting Gears 

The Mk 13 torpedo is never fired from a tube;it’sdropped 
from aircraft, or from the launching racks of PT boats. For 
that reason its starting gear needs no tripping latch. A 
lanyard puts the starting gear in operation. When the 
torpedo drops from the plane or the launching rack, the pull 
of the lanyard acts, through a cam toggle and a lever, to 
raise a vertical spindle. The spindle raises the valve lifter, 
which imseats the valve. As in the Mk 14, an unlocking 
lever catclies the valve lifter and holds the valve open. To 
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reseat the valve, you release the unlocking lever by turning 
the index spindle. 

As we told you earlier, the starting gear of the Mk 18 
torpedo acts also as a starting valve. Figure 9-6 is a cutaway 
view of it. 
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lOCK P«N PtUG 


STARTING LEVER TRIPPEO AP7, 
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Figure 9-6.—Starting gear of the MIc 18 torpedo—cutaway view. 


When you open the stop valve of the Mk 18 torpedo, flask- 
pressure air enters the starting gear through the nipple at the 
bottom of its housing. When the starting lever is forward 
(as it is in figure 9-6), the starting valve is closed, and no air 
can pass through it. The air pressure reinforces the spring 
pressure to keep the valve shut. 

When the starting lever moves aft, it turns the cam shaft, 
which turns the tripping cam. The cam pushes the valve 
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lift down and opens the valve. (The two diagrams at the 
bottom of figure 9-6 show the starting action schematically.) 
In the mounting flange of the starting gear is a spring-loaded 
lock pin. This pin moves into a pocket of the starting lever; 
it holds the lever aft, and the valve open. 


Governor 

The governor is a safetv feature. It stops the torpedo if 
its propellers reach an excessive speed—more than 1,800 
rpm. The propellers will reach an excessive speed if thevTe 
out of the water during a hot run. That will happen if you 
accidentally trip the starting lever of a fully ready torpedo, 
or if the torpedo makes a high broach during its run, or if it 
runs up on the beach. If the propellers are out of the water 
for more than a few seconds during a hot run, the main engine 
will tear itself to pieces. The governor stops the torpedo 
before that can happen. 

Figure 9-7 shows the governor of a Mk 14 torpedo. During 
the torpedo run, a gear on the oil pump spins the governor 
(marked C in figure 9-7) in its bearings. (The gear is marked 
E in the illustration.) 

Inside the governor body are two spring-loaded plugs. 
When the governor is not turning, the springs hold the two 
plugs inside the body. When the governor turns, centrifugal 
force pushes the plugs out, against the tension of their springs. 
The faster the governor spins, the farther the plugs extend 
from it. 

As you remember, an air pipe takes air from the starting 
gear back to the low-pressure side of the reducing valve. 
In the Mk 14, Mk 15, and Mk 23 torpedoes, this air passes 
through a governor valve. (Torpedoes Mk 13 and Mk 18 
have no governor.) 

When the torpedo is running at normal speed, the governor 
valve is open. But, if the engine reaches an excessive speed, 
one of the plugs of the governor strikes the governor trip, 
which allows the valve to close. Then high-pressure air 
banks up in the line from the governor valve to the starting 
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Figure 9-7.—Governor of a Mk 14 torpedo. 

gear. And it banks up in the line from the starting gear 
to the starting valve. When pressure builds up above the 
starting valve, the valve closes and stops the torpedo. 

Only one of the two plugs can strike the governor trip. 
The other plug is there for balance, so tliat the governor 
can spin without vibrat ion. Inside the body of the governor 
is a small pinion gear. This gear meshes with a rack thafs 
cut on the side of each plug. Since the two plugs are con- 
nected through the pinion, they will always extend the sanie 
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distance from the governor—even if one spring is stronger 
than the other. This feature ensures that the governor will 
stay in balance and spin with a minimum of vibration. 

MAIN ENGINE 

The main engine is made up of the— 

Two turbines. 

Two drive shafts that turn the propellers. 

Gears that take power from the turbines to the drive 
shafts. 

Spindles, shafts, bearings, etc., that support the turbines, 
gears, and drive shafts. 

The two turbines, you remember, turn in opposite direc- 
tions at the same speed. The gyroscopic action of one 
turbine cancels the gyroscopic action of the other. A turn- 
ing gear will also have gyro action that would interfere with 
steering the torpedo. We get around that by designing a 
“balanced” engine. Ali the gears are in pairs. In each 
pair, the two gears turn at the same speed in opposite direc- 
tions. And their gyro actions cancel each other. In figure 
9-8, find all the gear pairs, as the two— 

Turbine pinions. 

Main drive gears. 

Bevel pinions. 

Bevel gears. 

Let’s trace the turning forcc through the engine in figure 
9-8. (In this picture you’re looking at the port side of the 
engine, from a little below the torpedo. The two turbines 
and the two main drive gears are horizontal.) 

As they pass through the nozzles, the hot combustion 
gases expand and rcach a high speed—about 4,000 feet per 
second. They strike the blades of the first (lower) turbine 
wlieel, and spin it counterclockwise (looking down from the 
top of the torpedo). The first turbine turns its spindle, and 
the first turbine pinion, counterclockwise. The pinion 
meshes with the upper main drive gear, and turns it clock- 
wise. This drive gear turns the upper bevel pinion clock- 
wise. 
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The combustion gases are deflected from the blades of the 
first turbine, and strike the blades of the second (upper) 
turbine. The second turbine spins clockwise (stili looking 
down from the top). The second turbine tums the second 
turbine spindle, and the second turbine pinion. (The first 
turbine spindle is hollow, and the second turbine spindle 
turns inside it.) The second turbine pinion turns the lower 
main drive gear counterclockwise. And the lower main 
drive gear turns the lower bevel pinion counterclockwise. 
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MAIN DRIVE GEAR 



Figure 9-8.—Schematic diagram of the main engine. 


Each of the two bevel pinions meshes with both bevel 
gears. Working together, the two pinions turn the two 
bevel gears. The forward bevel gear turns counterclock¬ 
wise, and the after bevel gear clockwise (looking aft from the 
forward end of the engine). The after bevel gear turns the 
forward (outer) propeller shaft, which turns the forward 
propeller. The forward propeller shaft is hollow; the after 
propeller shaft turns inside it. The forward bevel gear 
turns the after (inner) propeller shaft, which turns the 
after propeller. 

Since the two propeller shafts are linked together through 
the bevel gears and bevel pinions, they turn in opposite 
directions at the same speed. A single propeller would 
have not only a gyro action, but also a twisting force that 
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would spin the whole torpedo in the opposite direction. 
With two propellers turning in opposite directions at the same 
speed, both the gyro forces and the twisting forces are 
canceled. 

As you have seen, both turbines work together to turn both 
propellers. We could build a simpler engine by letting the 
first turbine turn one propeller, and the second turbine 
turn the other. But, if we did that, the two turbines and 
the two propellers would turn at different speeds. (The 
first turbine delivers about 70 percent of the power; the second 
turbine delivers only about 30 percent.) Because the two 
turbines are connected together through the gear system, 
they are forced to turn at the same speed. 

Now open up figure 9-1 again, and find the parts that you 
can see in figure 9-8. You can see the two turbine wheels 
at 8 and 9. You can’t see the turbine spindles, because 
theyTe enclosed in the turbine casing (3). A small part of 
the first turbine pinion is visible through an opening in the 
casing, at 6. There are openings in the after side of the 
spindle casing, so that the main drive gears (12 and 42) can 
mesh with the turbine pinions. 

Notice how the main engine is supported. (We’re stili 
talking about figure 9-1.) The two A-frames (at 13 and 
44) are secured to the turbine bulkhead. The A-frames 
support the turbine spindle casing, and the turbine top 
bearing holder (7). At their after end the A-frames are 
connected by a strut (14). This strut carries the bearings 
in whicli the forward propeller shaft turns. 

The A-frames also support the crosshead (40). The 
crosshead itself does not rotate. But it supports the bush- 
ings on which the main drive gears and bevel pinions rotate. 
The after propeller shaft turns in the bearings at 38. It 
passes through an opening in the crosshead. You can’t 
see the bevel pinions in figure 9-1; theyTe liidden within 
the main drive gears. The two bevel gears are marked 
“39” and “41.” 

Now let’s take a closer look at some of these parts. 
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Turbines and Turbine Spindles 

Figure 9-9 shows the turbine and spindle assembly of 
Mk 14 torpedo. The spindle casing is at the left. 
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to turn the bearings after you’ve put the whole assembly 
together inside the casing. In that way you can adjust the 
clearance between the two turbine wheels, and between the 
first turbine wheel and the nozzles. The locking levers 
secure your adjustment to keep it from slipping. The three 
bolts that close the spindle casing pass through holes in the 
locking levers, so that they can’t move. 

The upper and middle bearings support the first turbine 
spindle. The second turbine spindle, which passes through 
the first spindle, is supported by the lower bearing and the 
top bearing. (The top bearing doesnT show in figure 9-9. 
It’s above the second turbine wheel.) If you’11 look ahead 
to figure 9-16, you’11 see a schematic diagram that shows 
the position of the two spindles and their four bearings. 

Crosshead Assembly 

You can see the crosshead in figure 9-10. Its outer ends 
are supported in the two A-frames. Bronze bushings fit 
over the two crosshead shafts. These bushings serve as 
bearings for the main drive gears and bevel pinions. (Each 
drive gear and pinion combination is machined from a single 
forging.) In figure 9-10 the bushings are in place on the 



Figure 9-10.—Crosshead assembly. 
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crosshead. Notice the spiral oil grooves on the surface of 
the bushings. 

(Notice also, to the right of the strut, a small pinion gear 
machined on the outside of the forward propeller shaft. 
This pinion supplies the power that drives the gyro mecha- 
nism. We’ll discuss the gyro mechanism in chapter 10.) 

Figure 9-11 shows another view of the crosshead and the 
two propeller shafts. In this picture, the bushings for the 
main drive gears have been removed. The after propeller 
shaft passes through the crosshead in a floating bronze 
bushing. In figure 9-11, this bushing appears just to the 
left of the crosshead. 
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Figure 9-11.—Crosshead and propeller shafts. 

The forward bevel gear is keyed to the after (inner) 
propeller shaft. And the after bevel gear is keyed to the 
forward (outer) propeller shaft. The outer propeller shaft 
turns in the strut bearing. This bearing supports the shaft 
radially —which means it prevents any motion at right 
angles to the torpedo axis. Between the after bevel gear 
and the crosshead are a bearing washer and a thrust bearing. 

Thrust 

As the propellers turn, they develop a thrust, or pushing 
force. They transmit this thrust to their shafts. To drive 
the torpedo through the water, we have to take this thrust 
from the propeller shafts and transmit it to the shell of the 
torpedo. We do this in three ways. 
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The after bevel gear, you remember, is driven by the two j 
bevel pinions. Because of the slope of the gear teeth, the j 
fcurning force of the bevel pinions tends to push the bevel 
gear aft. But the thrust of the forward propeller tends to 
push the bevel gear forward. The thrust of the propeller is 
a lot stronger than that of the gears. So part of the thrust of 
the forward propeller goes through the after bevel gear to the 
bevel pinions, and from there to the crosshead. The rest of 
the thrust from the forward propeller is applied to the 
crosshead through the thrust bearing and washer that you 
can see in figure 9-11. j 

The crosshead transmits the forward thrust through the i 

A-frames and the turbine bulkhead to the shell of the j 

torpedo. ! 

The after propeller shaft applies its thrust through the i 
forward thrust bearing (38 in fig. 9-1) to the turbine spindle i 
casing. The spindle casing carries the thrust through the j 
A-frames to the turbine bulkhead. i 

I 

I 

Main Engine of the Ml< 15 Torpedo | 

i 

Up to now, we’ve been talking about the main engine of 1 
the Mk 14 torpedo. The main engine of the Mk 13 torpedo 
is so much the same that we don’t need to discuss it sep- ! 

arately. But the main engine of the Mk 15 torpedo differs i 

from that of the Mk 14 in one respect. The Mk 15, you 
remember, has a gearshaft. , 

In the Mk 15 torpedo, the pinions on the turbine spindles 
do not mesh directly with the main drive gears. Instead, 
the turbine pinions mesh with the side gears. And the 
side gears turn the main drive gears. 

Figure 9-12 shows the speed change mechanism of a Mk 15 
torpedo. We told you in chapter 8 what happens when you 
change the speed setting. The operating shaft turns the 
cam, wliich gives a fore-and-aft motion to the operating rod. 

The operating rod passes through the turbine bulkhead to 
the side gear carrier. : 

The side gear carrier is mounted on the turbine spindle 
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Figure 9-12.—Speed change mcchanism of the Mk 15 torpedo. 


casing. Any fore-and-aft movement of the operating rod 
will turn the side gear carrier and the casing. 

Figure 9-13 shows the spindle casing assembly and side 
gear assemblies of a Mk 15 torpedo. On the high-power 
side of the assembly are the two high-power side gears which 
turn, on ball bearings, on the same shaft. On the low-power 
side are two pairs of side gears. The larger gear in each 
pair has the same diameter as the high-power side gears. 

When you put the assembly together, the side gears mesh 
with the turbine pinion gears like this: 

1. The upper side gear on the port side meslies with the 
first turbine pinion. 

2. The lower side gear on the port side meshes with the 
second turbine pinion. 
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Fisure 9-13.—Spindle casing assembly and side gear assemblies. 

3. On the starboard side, the larger gear of the upper pair 
meshes with the first turbine pinion. 

4. On the starboard side, the larger gear of the lower pair 
meshes with the second turbine pinion. 

These gears ali stay in mesh, no matter which speed 
setting you use. When the turbines spin, all the side gears 
rotate. 

Now let’s see how you shift gears. When the operating 
rod moves forward, it pulls the starboard side of the side 
gear carrier forward. The port side moves aft. The two 
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Fisure 9-14.—Main engine of a Mk 15 torpedo. 
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high-power side gears mesh with the main drive gears. Now, 
when the turbines spin, power will pass from the turbine 
pinions, through the high-power side gears, to the main drive 
gears. The low-power gears will turn, because they are 
stili meshed with the turbine pinions. But they turn idly, 
because they are not meshed with the main drive gears. 

When the operating rod moves aft, the side gear carrier 
swings the other way. The high-power gears disengage 
from the main drive gears. On the low-power side, the 
smaller of each pair of side gears now meshes with the main 
drive gears. (The larger gears in each pair are stili meshed 
with the turbine pinions.) Since the small gears have fewer 
teeth than the large ones, it will now take more turns of the 
turbine for each turn of the propellers, and the torpedo will 
run at low speed. 

Figure 9-14 shows three different views of the main 
engine of a Mk 15 torpedo. Study these pictures carefully. 
Identify as many of the parts as you can, including the side 
gears. 


Drive Gears of the MIc 18 Torpedo 

The Mk 18 torpedo, of course, has no main engine. An 
electric motor supplies the power that turns the propellers. 
The Mk 18 has a system of gears in its tail to make one 
motor turn the two propellers in opposite directions. Figure 
9-15 shows how this system works. 

The main drive shaft is the after propeller shaft. The 
short forward propeller shaft is hollow, and fits over the main 
shaft. A bevel gear is keyed to each shaft. The forward 
bevel gear, through a pair of idler gears, drives the after 
bevel gear in the opposite direction. A crosshead carries 
the two idler gears. It’s mounted on plugs that screw into 
two pads welded to the tail cone. (The port idler gear has 
been removed in figure 9-15.) The plugs carry lubrication 
fittings that are accessible from the outside of the tail cone. 

The main drive shaft carries the motori turning force 
directly from the motor armature to the after propeller. And, 
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Fisure 9-15.—Propeller drive mechanism of the Mk 18 torpedo. 


through the gear system and forward propeller shaft, it 
applies this force in the opposite direction to the forward 
propeller. 

Oiling System 

During the torpedo run, the parts of the main engine turn 
at high speed. They need a constant supply of oil to keep 
from burning out their bearings. The lubrication system 
supplies hot running torpedo oil from the oil tanks, through 
an oil pump, to the bearings. 

Figure 9-16 is a diagram that shows the oiling system of 
a Mk 15 torpedo. Oil flows from the two oil tanks to the 
reservoir. The reservoir ensures a steady supply of oil for 
the pump. The pump operates at constant pressure. 
Excess oil is by-passed, and returns to the reservoir. The 
pump forces oil through two separate outlets—one for the 
turbine spindle bearings, and one for the crosshead. 

Oil enters the turbine casing through an elbow fitting on 
the side of the casing, and goes directly to the middle bearing. 
It reaches the upper bearing through a passage in the casing. 
Excess oil that drips down from the upper and middle bear¬ 
ings lubricates the lower bearing. 

From the other outlet of the oil pump, oil flows to the 
crosshead. It goes straight up through a passage in the 
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Figure 9-16.—Oiling system of the Mk 15 torpedo, 


center of the crosshead, through a channel in the crosshead 
hub, out through the top of the crosshead, and through a 
channel in the top bearing holder, to the top bearing. 
Through other passages in the crosshead, oil flows to the 
crosshead bushing and the driving pinion bushings. 

As you can see in the diagram, the pump does not force 
oil directly to the gear teeth, or to the strut bearing, or the 
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propcller shaft thrust bearings. But oil leaks oiit constantly 
past the main driving gear washers, and past the cross head 
bushing. The turning gears wliip this oil into a spray, or 
fog. This oil fog lubricates ali the parts that aren’t supplied 
directly by the oil pump. 

Figure 9-17 shows the main engine of a Mk 15 torpedo, 



Figure 9-17.—Main engine of the Mk 15 torpedo—bottom view. 
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with the oil tanks in place. Remember, as you look at this 
picture: the main engine is upside down, so that you’re 
looking at the bottom of it. 

Near the bottom of the picture you can see the oil filling 
flange, through which you fifl both tanks. Between the 
filling flange and the preheater you can see the ends of the 
two vent pipes. These pipes let air escape from the tanks 
as the oil flows in. There*s a ball check valve in each vent 
pipe, to keep the oil from running out when you tum the 
torpedo upside down. 

Trace the two outlet pipes to the Y-shaped manifold. 
From the manifold, oil flows through a short curved pipe 
to the cylindrical reservoir. (Find it in the picture.) 
Through another curved pipe, oil flows from the reservoir 
to the pump. The short straight pipe from the pump to 
the reservoir takes the oxcess oil back to the reservoir. 

Figure 9-18 shows the oil pump with its cover piate re- 
moved. A worm at the lower end of the second turbine 
spindle drives the worm gear. The worm gear turns the 
pump shaft and the upper pump gear. And the upper pump 
gear turns the lower one. The two gears fit closely in the 
oval-shaped housing. As they turn, both gears carry oil 
forward around the outside, in the spaces between the gear 
teeth and the housing. But since the gear teeth mesh closely, 
they carry very little oil back at the center. 



Fisure 9-18.—Oil pump. 
280 


Digitized by LjOOQle 




As we told you earlier, the governor is driven by a gear 
on the oil pump shaft. The governor gear has been removed 
from the shaft in figure 9-18. It looks very much like the 
worm gear, except that it has more teeth. 

Up to now, we’ve been talking about the oiling system of 
the Mk 15 torpedo. In other torpedoes, the oiling system 
differs in severa! ways* 

1. The Mk 15 is the only torpedo that has a reservoir 
between the oil tanks and the pump. 

2. The oil tanks of the Mk 14 and the Mk 23 are slightly 
smaller than those of the Mk 15, and they don’t extend as 
far forward. 

3. The Mk 13 torpedo has only one oil tank. It’s in the 
bottom of the afterbody, at its after end. The oil pump of 
the Mk 13 does not use gears to pump the oil. A cam on 
the pump shaft drives a piston back and forth in a cylinder. 
There is a ball check valve in both the inlet and the outlet 
lines. On the backward stroke of the piston, the outlet 
valve closes and the inlet valve opens, and the piston draws 
oil into the cylinder. On the forward stroke, the outlet 
valve opens and the inlet valve closes. And the piston 
forces oil to the engine. This is actually a dotible pump, 
with a piston and cylinder on each side. One side delivers 
oil to the turbine spindle casing. The other side delivers oil 
to the crosshead. 

4. The Mk 18 torpedo has no oiling system. You pack 
its gears, crosshead, and bearings with grease when you make 
it ready for firing. 

Exhaust System 

The exhaust system is so simple that it needs no separate 
illustration. You can see one of the two exhaust tubes in 
figure 9-1. It’s marked “32.” The second tube is hidden 
behind the one you can see in the picture. The two tubes 
carry exhaust gases from the space above the turbines to the 
tail section. Near the after end of the afterbody, each tube 
separates into two branches. The exhaust gases enter the 
tail section through four openings in the after bulkhead of the 
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afterbody. This is true of torpedoes Mks 14, 15, and 23. 
In the Mk 13, the exhaust tubes do not branch; the gases 
pass through only two openings in the bulkhead. And the 
Mk 18, of course, has no exhaust. 

When the torpedo is under way, you remember, the main 
engine space is filled with a fog of oil. If this fog mixes 
with the hot exhaust gases, it will burn. Then the torpedo 
will leave a heavy wake of smoke. We keep this from 
happening in two ways: 

1. Under the turbines, attached to the top engine frame, 
is a sheet metal pan called the turbine oil guard. This pan, 
together with the vertical and horizontal bulkheads that 
you can see in figure 9-1, keeps oil fog out of the exhaust 
system. 

2. Above the upper turbine spindle bearing is a baffle, 
called the oil deflector ring. This ring keeps the oil in the 
spindle bearing from entering the turbine exhaust space. 

But here^ a point to remember: If you roll the torpedo 
over when there’s oil in the afterbody, some of the oil will 
leak into the exhaust space. Then, when you fire the tor¬ 
pedo, it will smoke heavily until this oil is burned up. 

Gear Ratios 

Turbines work efficiently only at high speeds. The speed 
of the turbines is much higher than the most efficient speed 
for the propellers. The main engine, as it takes the turning 
force from the turbines to the propellers, reduces the speed 
of rotation. Whenever you have a small gear driving a 
larger gear, the speed of rotation is reduced. In the main 
engine of the torpedo, small gears drive larger ones at two 
points: 

1. The turbine pinions drive the main drive gears. 

2. The bevel pinions drive the bevel gears. 

The table below shows the turbine speed, propeller speed, 
and gear ratio of the various torpedoes. (The gear ratio, 
of course, is the number of times the turbines must turn for 
each turn of the propellers.) 
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Mk 13_ 

Mk 14, low speed_ 

Mk 14, high speed_ 

Mk 15, low speed_ 

Mk 15, intermediate speed 
Mk 15, high speed_ 


Turbine 

Propeller 

Oear 

speed, rpm 

speed , rpm 

ratio 

11,000 

1, 150 

9. 

566 

8, 531 

950 

8. 

98 

12, 123 

1,350 

8. 

98 

12, 538 

850 

14. 

75 

9, 429 

1,050 

8. 

98 

12, 123 

1,350 

8. 

98 


The data for the Mk 23 torpedo are the same as for the 
Mk 14 at its high speed setting. In the Mk 18, the propellers 
tura at the same speed as the motor—1,660 rpm. 


TAIL SECTION 

The tail section is a short, truncated cone. Holes are 
drilled at its forward end so that you can secure it to the 
afterbody with joint screws. The principal parts that it 
carries are: 

1. The surfaces that drive the torpedo through the water— 
the two propellers. 

2. The surfaces that control the path of the torpedo— 
the tail blades and rudders. 

3. The sleeves and hubs that support the propellers. 

4. The rods and yokes that tura the rudders. 

Figure 9-19 is a cutaway view of the tail section. A 
bearing in the after bulkhead of the afterbody supports 
the after end of the forward propeller shaft. The after 
propeller shaft turns, in a bronze bushing, inside the forward 
propeller shaft. The forward propeller sleeve (B in fig. 
9-19) is keyed to the forward propeller shaft and secured to 
it by screws. The after propeller sleeve (C) is secured to 
the after propeller shaft in the same way. 

The forward propeller sleeve turns in the tail bearing 
(F). The after propeller sleeve turns in four bronze bushings 
(R) inside the forward sleeve. The grease reservoir shell (S) 
holds a supply of grease inside the after propeller sleeve. 
When the torpedo is under way, the hot exhaust gases melt 
the grease in the reservoir. Centrifugal force pushes the 
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Figure 9-19.—Cutaway view of the tail section: (A) tail cone; (B) forward 
propeller sleeve; (C) after prope lier sleeve; (D) verti cal blade; (E) steering 
rudder; (F) tail bearins; (G) forward propeller hub; (H) forward propeller; 
(I) forward propeller nut; (J) after propeller nut; (M) grease reta i ner rinq 
for forward propeller sleeve; (N) drain and access hole; (O) verti cal blade; 
(P) steering rudder adjusting rod; (Q) steering rudder; (R) propeller sleeve 
bushings; (S) grease reservoir shell. 


melted grease through small passages in the propeller sleeves, 
to lubricate the bushings (R) and the tail bearing (F). 

The forward propeller hub (G) is keyed to the forward 
propeller sleeve. The forward propeller nut screws onto 
the sleeve to hold the propeller in place. Locking screws 
keep the nut from working loose. Half of each locking 
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screw is in the nut, and half in the propeller. The after 
propeller hub (J) is an integral part of the after propeller 
sleeve. Except for that, the mounting of the after propeller 
is the same as that of the forward propeller. 

On Torpedoes Mks 13, 14, 15, and 23, each of the two 
propellers has four blades. In the Mk 18, each propeller 
has only two blades. 

The exhaust gases pass through openings in the after 
bulkhead of the afterbody, and enter the tail through exhaust 
valves. (You can see one of these valves in figure 9-19.) 
The springs in the exhaust valves normally hold them shut. 
The exhaust valves thus keep water out of the afterbody at 
the end of an exercise run, and when the torpedo is in the 
flooded tube of a submarine. When the torpedo starts, 
pressure builds up in the exhaust tubes and pushes the 
valves open. The exhaust gases then flow into the tail, 
into the propeller sleeves through the holes in their forward 
ends, and out to the sea. 

The four tail blades are riveted to projections on the out- 
side of the tail cone. They stabilize the torpedo as it travels 
through the water. The two pairs of rudders are mounted 
at the after edges of the tail blades. Each rudder turns in 
an inner bearing on the tail cone, and an outer bearing 
screwed to the tail blade. These outer bearings have a 
double purpose. Their outer edges serve as bearing surfaces 
to guide the tail as the torpedo slides through the torpedo 
tube. 

Figure 9-20 shows the linkage between the rudders and 
the depth and steering engines. The two engines turn the 
rudders by moving the rods forward or aft. The two rud¬ 
der connections pass through stuffing boxes in the after 
bulkhead of the afterbody. The yoke that connects each 
pair of rudders is curved into a half circle, so it can pass 
around the propeller sleeves. 

To see how the system works, let’s say that the torpedo is 
running too deep in the water. The depth mechanism de- 
tects this, and sends an up rudder order to the depth engine. 
The depth engine pushes the depth rudder rod aft. The rod 
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turns the yoke. And the yoke turns both depth rudders up. 
(We’ll discuss the depth and steering mechanisms in detail 
in chapter 10.) 

Steering Nomenclature 

The nomenclature for the steering system is a little con- 
fused. And it may confuse you unless you give it special 
attention. There are two pairs of rudders. One pair turns 
up and down, and guides the torpedo up and down. We 
suggest that you call this pair the depth rudders (as in 
fig. 9-20). The other pair turns left and right, and guides 
the torpedo left and right. We suggest that you call this 
pair the steering rudders (as in fig. 9-20). 

But because theyVe horizontal when they are at mid- 
throw, the depth rudders are sometimes called the “hori¬ 
zontal rudders,” or the “horizontal steering rudders.” And 
the depth engine is sometimes called the “horizontal steer¬ 
ing engine.” 

And because the steering rudders are vertical, theyVe 
sometimes called the “vertical rudders” (even though they 
tura the torpedo in a horizontal plane). The steering en¬ 
gine is sometimes called the “vertical steering engine.” 

In your own thinking, it would be a good idea to stick to 
the terms “depth rudders” and “steering rudders.” But 
you might as well know what other people are talking about. 

REFERENCES 

OP 950, Torpedoes Mk 13-1 and 2, pages 64-65, 71-101. 

OP 635, Torpedoes Mk 14 and 23 Types, pages 41-45, 57-76. 

OP 642, Torpedoes Mk 15 Type, pages 39-43, 55-77. 

OP 946, Torpedo Mk 18 Mod 2, pages 29-30. 
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QUIZ 


1. (a) Which three marks of torpedoes ha ve control valves? 

(b) Which torpedo has a control valve mechanism incorporated 
in the reducing valve? 

2. What two things must happen before the starting gear of the 
Mk 15 torpedo will operate? 

3. How does the starting gear of the Mk 18 torpedo differ from that 
of the others? 

4. What is the function of the governor? 

5. Where does the power that operates the governor coihe from in 
the Mk 15 torpedo? 

6. In the Mk 15 torpedo, the principal rotating parts are in pairs. 
In each pair, the two parts turn in opposite directions. List these 
paired parts. 

7. Why does a torpedo need a “balanced” engine? 

8. Which two bearings support the first turbine spindle? Which 
two support the second turbine spindle? 

9. How is the thrust of the after propeller shaft transmitted to the 
shell of the Mk 15 torpedo? 

10. What is the most important diflference between the main engine 
of the Mk 14 torpedo and that of the Mk 15? 

11. Two lines take oil from the oil pump to the main engine. Where 
do each of these lines go? 

12. Here are two statements about torpedo oiling systems. Which 
mark of torpedo matches each statement? 

a. Single oil tank in after end of afterbody 

b. Reservoir between tanks and pump 

13. In ali the gas-steam torpedoes (except the Mk 15 at low speed), 
about how many times must the turbines turn for each turn of 
the propellers? 

14. What is the purpose of the exhaust valves? 

15. In reading some of the OP’s, you may see the term “horizontal 
steering engine.” What does it mean? 
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TORPEDO CONTROL MECHANISMS 

In chapter 9 you studied the torpedo’s two pairs of rudders. 
The vertical, or steering rudders, turn the torpedo to left 
or right, to keep it on its course. The horizontal, or depth 
rudders, turn the torpedo up or down, to keep it at the 
proper depth. 

The two control mechanisms—one for depth and one for 
steering—are mounted in the afterbody. These mechanisms 
control the action of the two pairs of rudders. Figure 10-1 
shows the control mechanism assembly. (In this picture, 
you’re looking from the starboard side; the right-hand end 
of the picture is forward.) Although the two mechanisms 
are mounted together on a single base, they are completely 
independent of each other in operation. 

As you’ve probably heard, the control mechanisms are 
the “brains” of the torpedo. The steering mechanism turns 
the torpedo to its preset course, and keeps it there. If the 
torpedo wanders off course to left or right, the steering 
mechanism throws the vertical steering rudders to correct 
the error. And the depth mechanism brings the torpedo to 
its preset depth and keeps it there. If it starts to rise too 
high in the water, or sink too low, the depth mechapism 
throws the horizontal rudders to bring the torpedo back to 
its proper depth. 

Each of the two control mechanisms consists of three 
parts: a sensing part, a detecting part, and an engine. 

Sensing Part. In the steering mechanism, the sensing 


289 


Digitized by AjOOQle 





part is the gyroscope. There’s no way to keep the torpedo 
on course unless some part of the mechanism always points 
in the same direction—regardless of which way the torpedo 
may turn. Throughout the torpedo run, the axis of the gyro 
always points in the same direction. 

The depth mechanism has two sensing parts—a dia- 
phragm and a pendulum. To keep the torpedo at the proper 
depth, the mechanism must include a part that can measure 
how deep the torpedo is in the water. The diaphragm does 
that job. The pendulum is sensitive to the “running attitude” 
of the torpedo. Since the pendulum tends to hang straight 
down, it can teli if the torpedo is tilted up or ddwn, or if it’s 
running level. 

Detecting Part. In the steering mechanism, the detect- 
ing part is the pallet mechanism. Let’s say that you fire a 
torpedo with zero gyro angle. Then the gyro axis lies along 
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the torpedo course, and it will point out the proper course 
throughout the run. If the torpedo turns to the left or right 
from its course, the pallet mechanism will detect the differ- 
ence and send correcting orders to the steering engine. 

In the depth mechanism, the diaphragm and pendulum 
are linked together. Through this linkage they work together 
to send corrective signals to the depth engine. 

Engines. The two engines do the actual work of operating 
the rudders, through the rods and yokes that you studied in 
chapter 9. The steering engine, when it gets an order from 
the pallet mechanism, throws the vertical steering rudders 
to bring the torpedo back on course. The depth engine, when 
it gets an order from the diaphragm and pendulum linkage, 
throws the horizontal depth rudders to bring the torpedo 
back to its proper depth. 

In this chapter, we’ll look at each of the two control 
mechanisms in some detail. Well start with the steering 
mechanism. 

STEERING MECHANISM 

The heart of the steering mechanism is the gyro. But 
before we look at the torpedo gyro, let’s look at some facts 
about gyroscopes in general. 

Gyro Aetion 

The gyroscope has two properties that make it useful in 
a steering mechanism. These are rigidity in space, and 

PRECESSION. 

The idea of rigidity in space is easy to sfiow. When any 
object is spinning rapidly, it tends to keep its axis pointed 
always in the same direction. A toy top is a good example. 
As long as it’s spinning fast, it stays balanced on its point. 
Because of its gyro action, it resists the tendency of gravity 
to change the direction of its axis. You can think of many 
more examples. A bicycle is easier to balance at high speed 
than when it’s barely moving. At high speed, the bicycle 
wheels act as gyros, and tend to keep their axes parallel 
to the ground. 
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(Note that it’s easy to move the axis as long as you keep 
it pointing in the same direction. The gyro resists only 
those forces that tend to change the direction of its axis. 
In a bicycle, since the axis of rotation is horizontal, the 
wheels will resist any force that tends to tilt the axis, or 
turn it.) 

Any wheel thafs spinning fast will show gyro action. 
The heavier the wheel, and the faster it’s spinning, the 
stronger the gyro action. You can make this action even 
stronger by concentrating the weight of the wheel near its 
rim. 

If you can get hold of a gyroscope top, like the one in 
figure 10-2, you can do some instructi ve experiments with 
it. It costs about a dollar. But it’s fairly sturdy, as toys 
go. And if you take care of it, it will last a long time. 



Figure 10-2.—A gyroscope top. 

Hold your gyro top with its axis vertical, as in figure 
10-2, and start it spinning. As long as it’s spinning fast, 
it will stay balanced. You can balance it on a string or on 
the point of a knitting needle; the axis will stay vertical as 
long as the top is spinning fast. 

Nowstop the gyro top and turn its axis horizontal. Start 
it spinning again and balance one end on a pivot, as in figure 
10-3. What happens now? If the top is spinning fast, it 
won’t fall. Its axis will stay horizontal, resisting the tend- 
ency of gravity to change its direction. But while the gyro 
will resist the force that gravity applies to it, it will stili 
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Figure 10-3.—Gyro top with axis horizontal. 


respond to that force. And it responds by moving its axis 
at a right angle to the applied force. 

Figure 10-4 is another view of the same gyroscope. Its 
far end is stili balanced on the pivot. Gravity is pulling 
down on the near end of the frame. If the gyro rotor is 
turning in the direction shown by the arrow, then the near 
end of the frame will turn to the left. (If the rotor is turning 
in the opposite direction, the frame will turn to the right.) 
The axis will stay horizontal, but the gyroscope will respond 
to the force of gravity by rotating around the pivot. 

This action of the gyro—its tendency to turn its axis at 
a right angle to an applied force—is precession. (Note 
the spelling of that word. The third letter is an “e”—not 
an “o ”) 

We can summarize gyro action like this: A spinning gyro 
tends to keep its axis pointing always in the same direction. 
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If you apply a force that tends to change the direction of 
the axis, the axis will move at a right angle to the direction 
of the force. If the axis is horizontal, and you try to tilt 
it, the axis will turn. If the axis is horizontal, and you try 
to turn it, the axis will tilt. 



Now stop for a minute. If the action of the gyro isn’t 
ciear to you, read through the last few pages again. Better 
stili, find a dollar and buy the gyro top. 

Gyro Mounting 

The gyro axis points in the same direction throughout the 
torpedo run. This is true regardless of how the torpedo 
turns, rolls, or pitches. To make this possible, the gyro 
must have a special type of mounting. The mounting must 
let the torpedo move in any direction without moving the 
gyro axis. In other words, the gyro must “float” in its 
mounting. 

Figure 10-5 illustrates the basic principle of gyro mounting. 
When a gyro is mounted like this, we say that it has three 
degrees of freedom. By that we mean that it’s free to turn 
about any of three axes, each of which is perpendicular to 
the other two. 
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In figure 10-5, the gyro rotor is free to spin on its axis 
A-A. That’s one degree of freedom. The rotor axis is 
supported in bearings in the inner gimbal ring. The inner 
gimbal ring is free to turn on the axis B-B . That makes 
two degrees of freedom. The outer gimbal, pivoted on the 
support, is free to turn on axis C-G. And that gives the 
gyro its third degree of freedom. 

When the gyro has three degrees of freedom, it can main- 
tain its rigidity in space no matter how you move its support. 
Suppose you pick up the gyro in figure 10-5 by its support 
and tilt it. (That's what happens in the torpedo when it 
changes its fore-and-aft trim.) The gyro rotor, if it’s spin- 
ning fast, will turn the inner gimbal about the axis B-B , and 
the rotor axis will point in the same direction as before. 

Now suppose you twist the support to one side. (That’s 
what happens when the torpedo wanders off course to left or 
right.) The gyro will turn the outer gimbal about the axis 
C-Cy and its rotor axis will point in the same direction as 
before. 



Fisure 10-5.—The principle of syro mounting. 
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Several conditions are necessary to make this gyro useful 
in a steering mechanism. For one thing, its bearings must be 
as free from friction as possible. The center of gravity of 
the whole assembly must be exactly at the point where the 
three axes meet. And the gyro must be protected from air 
currents that might strike it off tlie plane of its axis. 

What happens when you don’t have those conditions? 
Then you’11 have forces that tend to change the direction of 
the gyro axis. And the gyro will react to those forces, and 
undergo precession. It will change the direction of its axis, 
and be useless for steering. 

When the center of gravity of the gyro assembly lies at the 
intersection of its three axes, we say that the gyro is in stati c 
balance. That’s an important term for you to remember. 
We’re going to use it several times in this chapter. 

Figure 10-6 shows how we apply the mounting principle 
to the actual torpedo gyro. At the top of the picture is the 
rotor. (Notice that its weight is concentrated in its outer 
rim, to give it the maximum gvroscopic effect.) In the center 
of the illustration, the gyro is mounted in the inner gimbal. 
Atthebottom, the innergimbal is mounted in the outer gimbal, 
and the whole assembly is resting on a wooden mount. (In 
the torpedo, of course, the whole assembly will be free to turn 
on the outer gimbal axis.) 

(Notice, in figure 10-6, that the rotor is in a different 
position in each of the three pictures. In the bottom picture, 
the rotor axis is pointing almost straight toward you.) 

Now imagine the gyro assembly, at the bottom of figure 
10-6, mounted in an actual torpedo. The axis of the gyro 
rotor is parallel to the fore-and-aft axis of the torpedo. 
What happens when the torpedo starts to dive or climb? 
The gyro turns the inner gimbal on its axis, and the rotor 
axis points in its original direction. What happens when 
torpedo wanders off course to port or starboard? The gyro 
turns the whole assembly about the outer gimbal axis, and 
the rotor axis stili keeps the original direction. 

So, no matter what the torpedo does, the rotor axis 
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Fisure 10-6.—How a torpedo $yro is assembled. 
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remains fixed in space. The gyro mounting leaves the torpedo 
free to tilt or turn without moving the rotor. 

In the bottom picture in figure 10-6, notice the cam piate 
at the top of the assembly. The cam piate is rigidly attached 
to the outer gimbal. So, when the torpedo turns, it turns 
with respect to the cam piate. It’s from this piate that the 
pallet mechanism gets the signals it sends to the steering 
engine. But we’ll go into that later. 

Creep 

Now let’s set up an imaginary problem. You’re somewhere 
in the Northern Hemisphere. You’re within sight of a target 
ship; and the target ship is anchored—a sitting duck. You 
have a torpedo in its tube, ready to fire. The torpedo, and 
the axis of the gyro rotor, are pointed straight at the center 
of the target ship. 

Now, if you fire your torpedo, will it hit the target? 
Probably not. During the torpedo run, the axis of the gyro 
rotor will slowly creep to the right of the line of sight. Since 
the torpedo follows the gyro, it, too, will creep to the right. 
If the run is very long, the torpedo will pass to the right of 
the target and miss it entirely. 

But youVe already learned that the gyro axis is rigid in 
space, and keeps pointing in the same direction. If that’s 
true, how can it creep to the right? It’s because the gyro 
is rigid in space that it creeps. The earth is not rigid in 
space—it’s spinning on its axis. The gyro not only holds its 
original direction when the torpedo turns, but also holds its 
original direction as the Earth turns. 

To makc this ciear, we’11 show you an extreme example 
of creep. Figure 10-7 illustratos the problem. The circle 
is supposed to represent the Earth, and you're looking down 
on it from above the North Pole. The letter N marks the 
North Pole; S is the target ship, and T is the torpedo. The 
torpedo and its gyro axis are pointed at the target. The 
dotted line is your line of sight to the target. The arrows 
show which way the earth is turning. 

Don’t fire the torpedo. Just leave it in the tube, pointing 
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Figure 10-7.—Torpedo problem; position at 0600. 

at the target. Start the gyro, and leave it running. Let’s 
say the time at which you start the gyro is 0600. 

Figure 10-8 shows how things will be at 1200—just 6 
hours later. During those 6 hours, the Earth has turned 
through an angle of 90°. (ftemember that it turns ali the 
way around in 24 hours.) As it turned, the Earth of course 
carried the torpedo, the target, and your line of sight around 
with it. But look at the gyro. Because it's fixed in space, 
it’s stili pointing in the same direction it pointed at 0600. 
And because the Earth has turned through 90°, the gyro 
axis is now at right angles to the torpedo. 

If you had fired the torpedo, it would have steered itself 
to follow the gyro axis. Figure 10-9 shows the path the 
torpedo would take if it could* run for 6 hours. 

As we told you, this is an extreme example. You don’t 
fire torpedoes within sight of the North Pole. And you 
don’t expect them to run for 6 hours. But this example 
shows why the gyro creeps to the right. 
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In figures 10-7 and 10-8, the target lies to the north of 
the torpedo. What happens when the target lies to the 
south? To find out, draw new sketches to replace figure 
10-7 and 10-8. You’11 find that the gyro stili creeps to the 
right. 

And what if the target lies to the east? Let’s say that 
you point the axis of the gyro directly east, and line it up 
with a star that’s just rising over the eastern horizon. A 
line from the Earth to a star is a fixed direction in space. 
Where will the star be 6 hours later? You know from 
experience that it will be overhead and directly South. 
The gyro axis, since it’s fixed in space, will follow the star. 
So it will creep to the right. 

As you can see, a spinning gyro, in static balance,, in the 
Northern Hemisphere, will always creep to the right. (You 
can also see, from the last example, that in order to follow 
the star it would have to creep up as well as to the right. 
But since this vertical creep has no effect on torpedo steer- 
ing, you can disregard it.) 
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Fi$ure 10-9.—Path of the torpedo durins a 6-hour run. 


Which way will the gyro axis creep in the Southern Hem- 
isphere? To find out, go back to figure 10-7 and 10-8. 
Imagine now that you’re looking down from over the South 
Pole. And remember that now the Earth is turning in the 
opposite direction from that shown by the arrows. As you 
can see, the gyro axis will now creep to the left. (If this 
isn’t ciear, draw new sketches for the problem. And re¬ 
member that the movement of the Earth will now carry the 
torpedo and the line of sight around to the left, instead of 
to the right.) In the Southern Hemisphere, a spinning 
gyro in static balance always creeps to the left. 

But what happens when the gyro is at the Equator? A 
star that rises in the east will stay in the east until it passes 
directly overhead. If you aim the gyro axis north, you’11 
point it directly at the North Star. (At the Equator, the 
North Star lies on the horizon.) Where will the North Star 
be 6 hours later? Stili to the north, and stili on the horizon. 
As you can see, creep is zero at the Equator. 
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Here, in summary, are the facts on horizontal creep of the 
gyro axis: 

1. At the Equator, creep is zero. The farther it is from 
the Equator, the farther the gyro will creep in a given time. 

2. The longer the torpedo run, the farther the gyro will 
creep. 

3. In the Northern Hemisphere, the gyro creeps to the ' 
right. In the Southern Hemisphere, it creeps to the left. 

Now that we know how a g 3 T*o creeps, and why it creeps, 
what can we do about it? There are two answers to that 
problem. If we know that the torpedo will creep to the 
right, we can aim it to the left of its proper course. Then, ■ 
if our calculations are right, it will creep back onto its course ■ 
in time to hit the target. (We’ll take this up again in vol- t 
ume 2, in the chapter on fire control.) 

The other method for correcting creep uses a simple ad- 1 
justment to the gyro itself. If we expect the gyro to creep 
to the right, we can make the gyro turn its own axis to the • 
left—by just enough to cancel the creep. 

How can we make a gyro turn its own axis? You re- 
member about precession—if you apply a force that tends j 
to tilt the gyro axis, the axis will turn. So there^ the ! 
answer. We apply a force that tends to tilt the axis. 

Take another look at figure 10-4. The force of gravity 
tends to tilt the near end of the axis down. The gyro res- j 
ponds by turning its axis to the right. (The “direction of 
movement” arrow in the picture points left. But if you 
imagine how the gyro would appear if you were looking 
down on the top of it, you can see that the direction of the 
axis is swinging to the right.) If we apply a downward 
force on the far end of the axis, instead of the near end, the 
axis will turn in the other direction. 

Figure 10-10 shows how we use this principle in the tor¬ 
pedo gyro. The balance nut (find it in the picture) is 
mounted in the inner gimbal ring, at one end of the gyro 
axis. By turning this nut, you can move it in toward the 
gyro rotor, or out away from the rotor. 
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SPUR GEAR 


Figure 10-10.—Bottom view of syro assembly. 


The upper picture in fisure 10-11 shows the balance nut 
in its Central position. With the nut in this position, the 
two ends of the gimbal balance each other, and the gyro is 
in static balance. So } 7 ou , ll use this position of the balanc- 
ing nut when you fire a torpedo at the Equator. 

In the Southern Hemisphere, you expect the gyro to creep 
to the left. To correct it, you turn the balance nut out 
from its Central position, as in the middle picture of figure 
10-11. Now the gyro is no longer in static balance. There’s 
a downward force on the free end of its axis. And that 
force makes the gyro axis precess to the right. The preces- 
sion cancels the creep. 

In the Northern Hemisphere, you turn the balance nut 
in, as in the lower picture of figure 10-11. Now there’s a 
downward force on the locking end of the gyro axis. And 
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Figure 10-11.—Moving the balance nut. 
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that force makes the gyro axis precess to the left. Again, 
the precession balances the creep. 

The middle and bottom pictures in figure 10-11 show the 
balance nut in its full-out and full-in position. Actually, 
you’d use those positions only in very high latitudes. The 
exact position to which you turn the nut depends on the 
exact latitude in which you expect to fire the torpedo. 

Gyro Mounting in the Torpedo 

When the gyro and gimbal assembly is in the torpedo, 
it’s completely enclosed in the gyro pot. You can see the 
pot in figure 10-1. It’s a bronze cylinder mounted on the 
control mechanism base a little aft of its center. On the 
after side of the pot is a flat face for mounting the gyro 
spinning and unlocking mechanism. (The after side of 
the pot is at the left in figure 10-1.) On the sides of the pot 
are bosses for mounting the two steering engines. The 
vertical steering engine is on the starboard side of the pot. 
(Thafs the near side ifi figure 10-1.) v The horizontal 
steering (depth) engine is on the port side. 

The gyro top piate completely covers the top of the pot. 
The top piate does several things: 

1. It carries the pallet mechanism which relays steering 
orders from the gyro to the vertical steering engine. 

2. In its center, on the under side, it carries the upper 
bearing for the outer gimbal of the gyro. 

3. Also in its center, on top, it holds the air nipple through 
which low-pressure air passes to keep the gyro spinning. 
(In figure 10-1 you can see the tube that carries air from the 
gyro reducing valve to the nipple in the top piate.) 

Gear teeth are machined around the outer edge of the top 
piate. These teeth are connected by gears and shafts to 
the gyro-setting sockets on the outside of the torpedo. 

In the bottom of the control mechanism base is an open- 
ing through which you install the gyro in the pot. (Install- 
ing the gyro, through this opening, is one of the last things 
you do when you make a torpedo ready for firing.) 

The gyro bottom head (find it in figure 10-12) is a remov- 
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Figure 10-12.—Gyro opening in control mechanism base. 


able piate secured by screws to the bottom of the pot. In 
its eenter, the bottom head carries a removable socket. 
This socket holds the lower bearing for the outer gimbal of 
the gyro. 

The clamp piate (fig. 10-12) has a flange seat that fits a 
corresponding seat on the bottom of the gyro pot. A gasket 
fits between the two seats to make a watertight seal. The 
clamp piate cover has a 4-part interrupted ridge around its 
outer edge. This ridge engages a similar ridge in the con¬ 
trol mechanism base. To seat the cover, you slip it into 
place, engage the two ridges, and turn the cover through 90°. 

A threaded clamping plug passes through the eenter of 
the cover. By turning this plug you can apply pressure to 
the clamp piate. When you draw the plug up tight, you 
compress the gasket under the clamp piate and make a 
watertight seal. 

Figure 10-13 shows the gyro installed in the pot. Most 
of the pot has beeri cut away, so you can see whafs inside. 
In this picture, youVe looking forward from the after end 
of the torpedo. 

Throughout the torpedo run, low-pressure air keeps the 
gyro spinning. (This is not true in the Mk 18 torpedo; we’ll 
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Figure 10-13.—Gyro installed in the gyro pot: (H) gyro top piate; (I) retainer 
plates; (J) pinion rack on top piate; (K) cam pawls; (L) cam piate; (M) cam/ 
(N) top bearing holder; (O) inner gimbal ring ; (P) spur gear; (Q) socket 
(or centering pin; (R) side bearing sleeve; (S) outer gimbal ring; (T) bottom 
bearing holder; (U) bottom head; (V) renewal piate. 


discuss that in volume 2.) High-pressure air from the air 
flask first goes through the main reducing valve, where its 
pressure drops to about 450 psi. From the main reducing 
valve the air goes to a strainer. (You can see the strainer in 
figifre 10-1. It’s mounted on the starboard side of the ver- 
tical steering engine.) Then it passes through the gyro 
reducing valve, which cuts the pressure down to about 125 
psi. And finally the air enters the gyro pot through the 
nipple in the center of the top piate. 
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Figure 10-14 shows schematically where the air goes 
after it enters the pot. First, it passes through an opening 
in the top bearing of the outer gimbal. From there it goes 
through passages in’the outer gimbal, and through the center 
of the inner gimbal bearings. It reaches the gyro wheel 
through short passages in the inner gimbal. This system 
supplies an equal amount of air to eaeh side of the gyro 
wheel. And it applies air pressure only in the plane of the 
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wheePs rotation, regardless of how the torpedo may turn 
with respect to the gyro. So there’s no danger that the 
sustaining air will apply an unbalancing force to the gyro 
and cause precession. 

The pressure of the air jets, as they strike the teeth or 
“turbine buckets” on the outer rim of the gyro wheel, keeps 
the wheel spinning. (You can see the turbine buekets in 
the top picture of figure 10-6.) 

Spinning and Unlocking Mechanism 

The gyro is useful for steering the torpedo only when its 
rotor is spinning at high speed. Since we want the gyro to 
control the torpedo from the very start of its run, we have to 
bring it up to full speed as quickly as possible. Low-pressure 
air from the gyro reducer would take too long. So we use 
high-pressure air, at flask pressure, to start the gyro. 

But this high-pressure air doesn’t go directly to the gyro. 
Instead, it goes to the spinning and unlocking mechanism. 
This mechanism does several important jobs. 

1. It locks the gyro rigidly in position, its rotor axis 
parallel to the fore-and-aft axis of the torpedo. And it 
holds the gyro in that position until its rotor reaches full 
speed. 

2. It spins the gyro, and brings it up to speed. 

3. When the gyro reaches full speed, the spinning mech¬ 
anism disengages itself from the gyro, and lets the low- 
pressure sustaining air take over. 

4. After the spinning mechanism is disengaged, the un¬ 
locking mechanism releases the gyro so that the torpedo will 
be free to turn or tilt without affecting the direction of 
the gyro axis. 

5. After it has done ali this, the mechanism shuts off its 
own air supply, to keep from wasting air and building up 
pressure in the afterbody. 

Figure 10-15 shows what the mechanism looks like when 
it’s in the locked position. (YouTe looking at the port side 
of the mechanism; the left end of the picture is forward.) 
The forward face of the frame mounts on the after face of the 

309 


Digitized by v^ooQle 




SPRING 


o 

J 

r 


I LOWER RACK 










rotor shaft. You can see the spur gear in figure 10-10, and 
in the upper picture of figure 10-6. Figure 10-13 shows 
that the gyro housing is cut away, exposing the upper edge 
of the spur gear, so that the spinning gear can mesh with it. 

YouVe noticed that the housing is cut away at the bottom 
too, and you can probably guess why. That’s to equalize 
the air resistance. Unequal resistance, of course, would apply 
a precessing force to the gyro. In figures 10-6 and 10-10 you 
saw that there’s a spur gear at each end of the gyro rotor shaft. 
Only the gear at the locking end meshes with the spinning 
gear. The second spur gear is there only to balance the 
weight and air resistance of the first one. 


Figure 10-16.—Spinning and unlocking mechanism in unlocked position. 
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Now take another look at figure 10-15. The centering pin 
extends through another opening in the after face of the gyro 
pot. It fits in the locking socket in the center of the locking 
disc (fig. 10-13). As long as the centering pin is in that 
socket, the gyro is locked rigidly in place. 

Compare figure 10-15 with figure 10-16, which shows the 
mechanism in its unlocked position. The spinning gear shaft 
has moved aft, and the spinning gear is no longer engaged 
with the spur gear of the gyro. The centering pin has with- 
drawn into its housing, leaving the gyro unlocked. 

Figure 10-17 is a schematic diagram of the mechanism. 
We’ll admit it looks complicated. But it will look simple to 
you after you do three things: 

1. Study the explanation patiently; go back if you get 
lost. 

2. Each time we name a part of the mechanism, find that 
part in the diagram, and put your finger on it. 

3. Kcep comparing the diagram with figures 10-15 and 
10-16, to see that the parts actually look like. 

(When you’ve finished your study, you can test your 
understanding of the mechanism by trying to explain it, in 
your own words, to somebody else. Use the figures, but 
don’t read from the text. When you can make somebody 
else undcrstand it, youVe mastered it for yourself.) 

Figure 10-17 shows the mechanism in its locked position. 
Remember, as you look at the diagram, that the spinning 
gear (find it in the diagram) is at the forward end of the 
mechanism. And the spinning turbine wheel (find it) is 
at the after end. 

When there’s no gyro in the torpedo, you leave the mech¬ 
anism unlocked. After you assemble the gyro into the pot, 
you cngage it with the centering pin and the spinning gear. 
To do that, you liave to cock the spinning and unlocking 
mechanism by hand. 

To undcrstand the cocking action, first find the locking 
lever in figure 10-17. (It’s at bottom center.) This lever 
is kcyed to its shaft. And it extends forward to an opening 
in the forward face of the frame. In figures 10-15 and 10—16 
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Fisure 10-17.—Schematic diagram of the spinning and unlocking mechanism. 

you can see the forward end of the lever protruding through 
the frame. To cock the mechanism, you use an L-shaped 
tool. Looking at figure 10-16, picture the tool in place, with 
its short end engaged in the socket in the locking lever, and 
its long end extending downward. You cock the mechanism 
by pushing the long end of the tool aft. (That’s to the right 
in the picture.) 

That action brings the locking lever down to the position 
shown in figure 10-15. At the same time, it extends the 
centering pin and the spinning gear to the positions shown in 
figure 10-15. The gyro and its spur gear are both free to 
turn, so you have to guide the spinning gear and centering 
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pin into engagement by hand. (And you’11 have to learn to 
do this by touch, beeause your hand will block your view.) 

Now turn back to figure 10-17, and let’s see what happens 
when you cock the mechanism. (Remember that in this 
picture the mechanism is already cocked. You’11 have to use 
a littlc imagination to see how it got that way.) 

When you cock the mechanism, you pull the forward end 
of the locking lever down. Since the lever is keyed to its 
shaft, it turns the shaft counterclockwise (looking at it from 
the port side). And the shaft turns the spring bell crank 
assembly counterclockwise. As it turns, this assembly does 
two things. First, it compresses the spring (lower left in 
the diagram). Second, it carries the pinion (near the center 
of the diagram) forward. 

The teeth of the pinion mesh with those of the lower rack. 
The lower rack is fixed, and canT move in any direction. 
So, as it moves forward, the pinion must roll over the lower 
rack. It rolls counterclockwise (stili looking from the port 
side). And since the pinion teeth mesh with those of the 
upper rack, the pinion carries the upper rack forward. The 
upper rack is carried forward not only by the forward 
motion of the pinion, but also by the rolling motion of the 
pinion. For that reason, it moves forward twice as far 
as the pinion does. 

(If you can’t see why that is so, you can do a simple experi- 
ment to make it ciear. Find a length of dowel and put it on 
the work bench. Lay a ruler over the dowel, at right angi es 
to it. The work bench represents the lower rack (which 
can’t move); the dowel represents the pinion; and the ruler 
represents the upper rack. Now roll the dowel forward and 
let it carry the ruler along with it. If you can keep your 
model from slipping, you’11 see that the* ruler travels twice 
as far, and twice as fast, as the dowel.) 

As the upper rack moves forward, it carries the spinning 
shaft forward. And the spinning shaft carries the spinning 
gear and the spinning turbine whecl forward. 

Look at the lower rack agam. It serves as a housing for 
the centering pin. Although the rack can’t move, the 
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centering pin can move fore-and-aft inside it. Now find the 
toe that extends downward from the after end of the upper 
rack. That toe rides in a slot that’s cut through the after 
end of the lower raek. A short section of the centering pin 
is machined to a smaller diameter than the rest of the pin. 
The toe of the upper rack fits into that reduced-diameter 
section on the pin. So, as the upper rack moves forward, 
the toe will carry the centering pin forward. 

Now find the hand-trip lever assembly. (Its main part 
is a vertical shaft, near the middle of the diagram.) The 
lever shaft is free to rotate on its vertical axis. Its spring 
tends to turn it counterclockwise (looking from the top). 
At the upper end of the hand-trip lever is a key that fits in 
a notch on the unlocking bar. The unlocking bar can slide 
from side to side, but it has no fore-and-aft movement. 
The tension on the hand-trip lever tends to slide the unlock¬ 
ing bar to port. 

At the forward end of the upper rack, you can see the 
locking bar. When you cock the mechanism and force the 
upper rack forward, the unlocking bar snaps in behind the 
locking bar. That locks the whole mechanism. Now, 
although the spring is under compression, it can’t move any 
part of the mechanism. 

Find the unlocking rack, near the top of the diagram. 
This rack can slide from side to side, but not fore-and-aft. 
The unlocking gear train moves fore-and-aft with the spin- 
ning shaft. But its pinion is engaged with the unlocking 
rack only when the mechanism is locked. (Check this in 
figures 10-15 and 10-16.) 

One thing more. When your cocking action turns the 
locking lever shaft, it also turns the valve bell crank as¬ 
sembly. And the swivel block, at the end of the valve bell 
crank, opens the valve in the air chamber under the spinning 
turbine wheel. 

Here's a quick summary of conditions when the mechanism 
is locked. The spring is compressed. The unlocking bar 
has slipped behind the locking bar and locked the whole 
mechanism. The centering pin and spinning gear are for- 
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ward, engaged with the gyro. The spinning turbine wheel 
is forward, over its air chamber. The air valve in the 
chamber is open. The spinning shaft is meshed, through 
the unlocking gear train, with the unlocking rack. 

Back in chapter 8, you learned that high-pressure air 
travels directly from the torpedo starting valve to the 
spinning and unlocking mechanism. This air line is secured 
to the gyro spin nipple at the top of the frame. (Fig. 
10-15.) From the nipple, air travels down through a pas- 
sage on the starboard side of the mechanism, through the 
valve, and into the chamber under the spinning turbine 
wheel. The valve opens when you cock the mechanism. 
But because the air is shut off at the starting valve, no air 
will enter the mechanism until you fire the torpedo. 

Now look at figure 10-17 again, while we show you what 
htfppens when you fire the torpedo. As soon as the torpedo 
starting valve opens, high-pressure air enters the mechanism. 
It passes through the valve, which is already open, and into 
the chamber under the turbine wheel. From there it jets 
upward through the four ports in the chamber, and strikes 
the turbine buckets on the spinning turbine wheel. The 
turbine wheel spins clockwise (looking at its after side). In 
the first %-second after the starting valve opens, the turbine 
wheel will spin through about 60 revolutions. At the end 
of that time the gyro will be up to full speed—20,000 rpm. 

As the spinning shaft turns, its worm turns the unlocking 
gear train. In the diagram, the arrows on the gears show 
which way they turn. Foliow the motion through the gear 
train, to see how the small pinion forces the unlocking rack 
to starboard. 

As it moves to starboard, the unlocking rack engages the 
unlocking bar. And then it moves the unlocking bar to 
starboard, out from behind the locking bar. Now the 
mechanism is unlocked. Instantly, the spring snaps the 
bell crank assembly aft. The bell cranks carry the pinion 
aft. And the pinion carries the upper rack aft (twice as far 
and twice as fast as the pinion). 

The upper rack carries the spinning shaft aft. The 
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spinning gear disengages from the gyro, and the turbine 
wheel moves away from the air chamber. The valve bell 
crank moves the swivel block down from under the valve. 
The pressure above the valve closes the valve and shuts off 
the air. 

But here’s a problem. The spinning gear must disengage 
before the centering pin unlocks the gyro. Otherwise, the 
spinning gear will apply an unbalanced force to the gyro, 
and start it precessing. The mechanism solves that prob¬ 
lem neatly. As you can see clearly in figure 10-16, the 
reduced-diameter section of the centering pin is considerably 
longer than the toe of the upper rack. When the mecha¬ 
nism unlocks, the toe has some free travel before it strikes 
the shoulder at the rear of the centering pin. That free 
travel lets the spinning gear disengage from the gyro before 
the centering pin unlocks it. 

There^ one more feature of the mechanism to explain. 
That’s the unlocking timing adjustment assembly (at the 
left in figure 10-17, just above center). The spring rod of 
this assembly is cut away in the diagram to give you a 
ciear view of the unlocking gear traip. 

We want the gyro to take over the steering as soon as 
possible. So the spinning mechanism must unlock just as 
soon as the gyro gets up to speed—but not before. By 
making the timing adjustment, you can control how long 
the mechanism spins the gyro before it unlocks. 

The adjustment is simple. By turning the knurled knob, 
you can move the spring rod to port or starboard. And the 
spring rod, through the spring lever, moves the unlocking 
rack to port or starboard. (Of course you can make this 
adjustment only when the mechanism is unlocked and the 
gear train disengaged from the unlocking rack.) The 
spring in the spring case acts as a friction brake to keep 
your adjustment from slipping. 

Let’s say that the spinning time is too short, and the 
mechanism unlocks too soon. All you have to do is move 
the unlocking rack to port. Then it will have to travel 
farther before it strikes the unlocking bar. And the spin- 
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ning shaft will have to spin longer before the mechanism 
unlocks. 

Pallet Mechanism 

Now you understand how the gyro works, and how it*s 
mounted in the torpedo. You know how we bring it up to 
speed, and how we keep it spinning throughout the torpedo 
run. And you know that, no matter which way the tor¬ 
pedo may turn, the gyro axis will keep pointing in the same 
direction. Throughout the torpedo run, the gyro will indi¬ 
cate the proper course. 

Your next problem is this: How can we translate gyro 
position into actual rudder throw? In other words, how do 
we make the gyro steer the torpedo? 

We canT ask the gyro itself to do any work. We can’t 
let the gyro throw the rudders. We can*t even let it operate 
the valve of the steering engine. Why not? Because if the 
gyro does actual work, it will have to overcome the resist- 
ance of the mechanism it works on. That resistance would 
apply a force to the gyro. And force on a gyro makes it 
precess. After precession, the gyro would be useless for 
steering the torpedo. 

So, if we use the gyro to steer the torpedo, we must do so 
without disturbing the gyro in any way. We canT take 
any force from the gyro, nor can we apply any force to it. 

That's where the pallet mechanism—the “detecting” 
part of our steering system—comes in. Throughout the 
torpedo run, this mechanism repeatedly, and very delicately, 
“feels” the gyro mount, to determine its position. And 
then the pallet mechanism—not the gyro itself—supplies 
the force to operate the valve of the steering engine. 

In figure 10-1 you can see the pallet mechanism in place 
on the gyro top piate. Figure 10-18 is a closer view. In 
this picture, youTe looking down from the starboard side. 
The right-hand end of the picture is forward, the left end 
aft. To make the picture simpler, weVe removed most of 
the depth mechanism. And weVe removed the steering 
engine from its bracket on the starboard side of the gyro 
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Fisure 10-18.—Pallet mechanism. 


pot. (When the steering engine is in place, its valve is 
linked to the valve connecting arm. Check this in figure 
10 - 1 .) 

In figure 10-19, you can see the two pallet pawls and their 
linkage. (Remember that the left side of the diagram is 
aft.) The pallet pawls are mounted on pivots that extend 
upward from the gyro top piate. (Find these pivots in 
figure 10-19.) Eaeh pallet pawl is free to turn on its pivot. 
And the two pawls are linked together. 

Throughout the torpedo run, the pallet blade (find it in 
figure 10-19) continually moves fore and aft. (WV11 ex- 
plain that a little later.) If the pallet blade is turned a 
little to port, it will strike the tip of the port pallet pawl 
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Figure 10-19.—Diagram of pallet mechanism. 


on its backward stroke. If it’s turned a little to starboard, 
it will strike the tip of the starboard pallet pawl. 

Now let’s see what happens when the pallet blade pushes 
the tip of the port pallet pawl aft. The port pallet pawl 
will turn on its pivot. Through the linkage between the 
two pawls, it will push the tip of the starboard pallet pawl 
forward. And it will also push the adjustable connection 
forward. 

When the pallet blade pushes the starboard pallet pawl 
aft, the tip of the port pawl will move forward. And the 
adjustable connection will move aft. 

Figure 10-20 shows how the bell crank changes the fore- 
and-aft motion of the adjustable connection into a rotary 
motion. When the connection moves forward (thafs to the 
right in the picture), the bell crank turns clockwise (looking 
from the starboard side, as you are in figure 10-20). When 
the connection moves aft, the bell crank turns counter- 
clockwise. 

In figure 10-21 you can see the linkage from the bell crank 
to the steering engine. When the bell crank turns clockwise, 
it pushes the connection spool down. The connection spool 
pulls the after end of the valve rock shaft arm down. The 
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valve rock assembly turns on its pivot. And the valve con- 
nection arm pulls the steering engine valve forward. 

As we’ll explain later, a forward movement of the valve 
makes the steering engine piston move aft. The piston 
pushes the rudder rod aft. And the rudder rod, through 
its yoke, applies left rudder. 

When the bell crank turns counterclockwise, the whole 
linkage moves in the opposite direction. And the rudder 
rod moves forward and applies right rudder. 

At first glance, the linkage looks more complicated than 
it needs to be. For example, the bell crank might move the 
valve rock shaft arm directly, instead of through the connec- 
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tion spool. But the connection spool serves an important 
purpose. It lets you fire the torpedo with an angle setting 
on the gyro. (We'11 explain angle fire later.) When you 
set a gyro angle into the torpedo, you turn the whole top 
piate of the gyro pot. And the top piate carries the pallet 
mechanism with it. A fixed linkage between the bell crank 
and the rock shaft arm would make this impossible. The 
connection spool makes it possible to turn the gyro top 
piate without affecting the linkage to the steering engine. 

Now compare the diagrams shown in figure 10-19 to 10-21 
(inclusive) with the pictures in figure 10-18 and 10-1, to 
see what the parts actually look like in the torpedo. 

If youVe followed the motion through the whole linkage, 
youVe seen that when the pallet blade turns to port, the 
steering engine applies left rudder. When the pallet blade 
turns to starboard, it applies right rudder. Now we'll see 
how the gyro turns the pallet blade. 

The pallet blade is secured to the top of a vertical shaft— 
the pallet shaft. The pallet shaft extends downward into 
the gyro pot. 

Figure 10-22 shows the separate parts of the pallet slide 
assembly. The pallet shaft passes through a bushing in the 
pallet holder. The lower end of that bushing fits in a hole 
in the pallet slide. Throughout the whole torpedo run, the 
pallet slide keeps moving back and forth. And as it moves, 
the slide carries the pallet holder, the pallet shaft, and the 
pallet blade along with it. The pallet shaft is free to turn 
inside its bushing, but it has to move back and forth with the 
slide. 

What gives the slide its back-and-forth motion? Look 
at figure 10-18 again. In the assembled torpedo, the main 
drive shaft passes just above the top piate of the gyro pot. 
A gear on the main drive shaft meshes with the pallet driving 
gear. And the pallet driving gear, through the driving con¬ 
nection and bevel pinion, turns the cam bevel gear. (Find 
ali these parts in figure 10-18). 

Under the cam bevel gear, on the same shaft, is an eccen- 
tric cam. That cam turns inside the large hole at the for- 
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Figure 10-22.—Parts of the pallet slide assembly. 


ward end of the pallet slide. (Find it in figure 10-22.) As 
it turns, the cam moves the pallet slide back and forth. 

In figure 10-22 you can see the two cam pawls at the lower 
end of the pallet shaft. They’re made from a single piece of 
metal, and they’re rigidly attached to the shaft. These two 
pawls are the “fingers” that “feel” the gyro, to find out if 
the torpedo has turned off its course. 

The part they feel is the edge of the cam piate—a ring 
that’s mounted on top of the gyro’s outer gimbal. Figure 
10-23 is a picture of it. When it’s in place on the gyro, the 
center of the cam is in line with the gyro axis. 

In the upper edge of the cam piate, a groove runs clock- 
wise from the cam, around to the other side of the piate. 


323 


PALLET SHAFT 


LEAF SPRING 


Digitized by v^ooQle 



Figure 10-23.—Top view of the eam piate, looking forward. 


Another groove runs counterclockwise, around the lower 
edge of the piate. 

If you turn back to figure 10-13, you can see the cam 
piate mounted on top of the outer gimbal. And you can see 
the pallet shaft, with its two cam pawls, extending down from 
the top of the gyro pot. Remember that throughout the 
torpedo run the shaft and its pawls keep moving forward 
(away from you in the picture) and aft (toward you). 

As the pallet slide moves toward the center of the top 
piate, it carries the pallet shaft and its cam pawls toward 
the cam piate. Now let’s say that the torpedo is under way, 
and that it’s exactly on course. Then, as the two cam pawls 
approach the cam piate, they’11 straddle the cam without 
touching it. The port pawl will go into the upper groove, and 
the starboard pawl will go into the lower groove. There will 
be no force on either pawl. So there will be no rotation of 
the pallet shaft, and no orders to the steering engine. 

Now let’s say that the torpedo has turned off its course, 
in either direction. That means that the torpedo, and the 
whole pallet mechanism along with it, has turned with 
respect to the cam piate. (Since the cam is always on the 
gyro axis, it stili indicat es the proper course.) Now, when 
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the two cam pawls approach the cam, they’11 no longer 
straddle it. One of the two pawls will touch the cam, and 
stop. The other will keep going into its groove. When the 
cam stops one of the pawls, it forces the pallet shaft to turn. 
And the pallet shaft turns the pallet blade. Then, when the 
pallet slide moves aft again, the pallet blade will strike one 
of the pallet pawls. And the linkage will send an order to 
the steering engine, to bring the torpedo back on course. 

Actually, the torpedo doesnT stop turning when it comes 
back on course. It swings off course on the other side. And 
you can easily see why. When the steering engine gets an 
order, it throws the rudder hard-over. The rudder stays 
there until the engine gets the opposite order. And there 
will be no new order to the engine until the torpedo has 
crossed its course, so that the other cam pawl can strike 
the cam. 

So the track of a torpedo isn’t a straight line. The rudder 
oscillates constantly, and the torpedo weaves back and forth 
across its course. But because the pallet mechanism is 
sensitive, the weaving is small; the actual track is very close 
to a straight line. 

Now, for a quick review, let’s follow a steering order 
through the whole mechanism, from the gyro to the rudder. 

Let’s say that the torpedo has turned off its course to 
port. The gyro axis and the cam piate stili are parallel to 
the course; the torpedo has turned around the gyro and 
cam piate. The torpedo axis is pointing left of the gyro axis. 
Since the pallet shaft is abaft the cam piate, it has moved to 
the starboard side of the cam. Here’s what happens: 

1. When the pallet slide moves forward, the port cam 
pawl strikes the cam. 

2. The pallet shaft turns counterclockwise (looking down 
from the top). 

3. The pallet blade swings to starboard. 

4. When the pallet slide moves aft, the pallet blade strikes 
the tip of the starboard pallet pawl. 

5. The tip of the starboard pallet pawl moves aft. 

6. The tip of the port pallet pawl moves forward. 
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7. The adjustable connection moves aft. 

8. The bell crank turns counterclockwise (looking from 
the starboard side). 

9. The bell crank moves the connection spool up. 

10. The connection spool moves the after end of the valve 
rock shaft arm up. 

11. The valve rock assembly pushes the steering engine 
valve aft. 

12. The steering engine piston moves forward. 

13. The steering rudder rod moves forward. 

14. Through its yoke, the rudder rod applies right rudder. 

15. The torpedo turns to starboard, back toward its course. 

Now let’s say that the torpedo has turned off its course to 

starboard. This time, you take it. If possible, explain it to 
somebody else. If there’s nobody handy, pretend that you’re 
explaining it to somebody else. Don’t skip anything. And 
use the pictures and diagrams to make your explanation ciear. 

Steering Engine 

You’ve seen how the steering engine gets its orders from 
the gyro. And you learned in chapter 9 how the engine’s 
piston Controls the rudders. Figure 10-24 is a cutaway view 
of the engine itself. The right-hand end of the picture 
is forward. 



Figure 10-24.—Cutaway view of the steering engine, with piston forward. 
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The engine valve is a slim cylinder. Notice the three 
places—one in the middle and one near each end—where the 
valve has been machined to a smaller diameter, so that air 
can flow around it. Air from the reducing valve reaches the 
engine valve through a chamber near its center. An exhaust 
port extends downward at each end of the valve. (Find 
these parts in figure 10-24.) 

In figure 10-24, the v.alve has been thrown aft. That 
lets air from the inlet chamber enter the after end of the 
cylinder, forcing the piston forward. At the same time, it 
lets the air in the forward end of the cylinder go out through 
the exhaust port. 

When the pallet linkage moves the valve forward, the 
opposite action takes place. Air exhausts from the after 
end of the cylinder. It enters the forward end of the 
cylinder, and forces the piston aft. 

Angle Fire 

Up to now, weVe assumed that the pallet shaft is always 
in line with the gyro axis. And weVe assumed that the 
pallet slide moves forward and aft. But those things are 
true only when you fire the torpedo with zero gyro angle. 

For an angle shot, you set the gyro angle through one of 
the gyro setting sockets on the outside of the torpedo. The 
socket, through a gear train, turns the gyro top piate through 
the desired gyro angle. (But note carefully that it does 
not move the gyro.) The top piate carries the whole pallet 
mechanism around with it. Since an eccentric cam drives 
the pallet slide, the slide will stili have its back-and-forth 
motion in its new position. That motion will no longer be 
fore-and-aft, but it will stili be toward and away from the 
center of the gyro top piate. 

Figure 10-25 shows the angle of the gyro, the pallet and 
the rudder, for both a straight shot and an angle shot. In 
diagram A , the torpedo is ready to be fired on a straight 
shot. There’s no gyro angle set. The cam pawls are in 
line with the gyro axis and the cam, ready to correct any 
deviation from the course. 
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Figure 10-25.—Angle shot, showing angle of the gyro, pallet, and rudder. 
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In diagram B, the torpedo is ready to be fired on an angle 
shot. YouVe set the desired gyro angle by turning the gyro 
top piate, and moving the cam pawls away from the gyro 
axis. The angle between the cam pawls and the gyro axis 
is exactly the angle you want the torpedo to turn through. 
Notice that for an angle shot, as well as for a straight shot, 
the gyro axis is fore-and-aft at the moment of firing. 

Diagram (7shows the torpedo under way on an angle shot. 
The cam pawls have detected that the torpedo is off its set 
course. TheyVe turned the pallet shaft, and the pallet 
mechanism has thrown the rudder to port. In the diagram, 
the rudder has turned the torpedo part way through the 
desired angle. And the cam pawls are partially around to 
the gyro axis. Notice that the gyro axis is stili pointed in 
its original direction. 

In diagram Z>, the torpedo has straightened out on the 
course you set it for. The cam pawls have moved around 
into line with the gyro axis and the cam. The rudder is 
oscillating in the normal way. And the gyro axis stili is 
pointing in the original direction. 

DEPTH MECHANISM 

While the steering engine brings the torpedo onto its 
proper course and keeps it there, the depth mechanism 
brings it to its proper depth and keeps it there. The two 
horizontal depth rudders control the running depth of the 
torpedo. The depth engine, powered by compressed air 
from the reducing valve, operates the rudders. And the 
depth mechanism sends orders to the valve of the depth 
engine. 

This system has two sensing parts—a hydrostatic di- 
aphragm and a pendulum. The flexible diaphragm is open 
to sea water on one side. On the other side, a spring resists 
the pressure of the water. The stronger the water pressure, 
the farther the diaphragm will move against the force of the 
spring. 

Since the pressure of the water depends on the depth (as 
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we showed you in chapter 3), we can use the position of the 
diaphragm to show if the torpedo is running at the set depth. 
And since the pendulum responds to gravity, and tends to 
hang straight down, it can determine the angle at which the 
torpedo is changing depth. The diaphragm and pendulum 
work together to send orders to the depth engine. 

There are two reasons why the depth engine may need 
new orders. First, the torpedo may be running at the wrong 
depth. Second, it may be changing its depth at too steep 
an angle. 

Let’s say that the torpedo is running below the depth you 
set it for. The diaphragm responds to the extra water 
pressure, and sends an “up rudder” order to the depth 
engine. The torpedo begins to climb. If the engine gets 
no further orders, the torpedo will be climbing fast when it 
reaches the right depth, and it will overshoot. Then the 
diaphragm will send a “down rudder” order. The torpedo 
will go down and overshoot again. So, if the torpedo is 
going to make a successful run, the depth mechanism must 
control not only its depth, but also the rate at which it 
changes depth. 

Figure 10-26 shows schematically howthe diaphragm and 
pendulum work together. 

Under the diaphragm is a sealed chamber of air. Sea 
water reaches the upper surface of the diaphragm through 
suitable passages, and tends to push it down. The spring, 
being under tension, resists this downward pressure. (By 
adjusting the tension on this spring, you can set the depth 
at which the torpedo will run.) 

Now, to see how the mechanism works, let’s say that the 
torpedo is running below the set depth, with its axis hori- 
zontal. Water pressure pushes the diaphragm down, 
against the force of the spring and the resistance of the air 
trapped in the chamber. The downward movement of the 
diaphragm rocks the diaphragm lever counterclockwise. 
Since the diaphragm has only a limited movement, the lever 
is pivoted near the diaphragm, so that it multiplies the 
diaphragm movement by a factor of 18. 
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The pendulum lever and link transfer the rocking move- 
ment to the pendulum, swinging it forward. (That’s to the 
left in the diagram.) The pendulum pulls the depth engine 
valve rod forward. The depth engine is built so that its 
piston follows the movement of the valve. So the piston 
moves forward, applying up rudder, and the torpedo begins 
to climb. 



Figure 10-26.—Schematic diagram of the depth mechanism. 

But as the torpedo turns upward, gravity tends to pull 
the pendulum aft (to the right in the diagram), against the 
action of the diaphragm. That reduces the amount of up 
rudder. When the climbing angle is just steep enough to 
make the diaphragm action balance the pendulum action, 
the rudder will be in neutral. But the torpedo will stili be 
climbing. 

As it climbs, the water pressure becomes less. So the 
downward pressure on the diaphragm decreases. That 
lets the pendulum move farther to the right, and apply 
down rudder. So the torpedo begins to level off. It reaches 
its set depth at a slow rate of climb. In that way, the 
pendulum tends to prevent overshooting. And the torpedo 
runs at a nearly uniform depth—the depth youVe set by 
adjusting the tension on the diaphragm spring. 
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Fisure 10-27.—Cutaway view of the depth mechanism. 
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A cutaway view of the depth mechanism is shown in fig- 
ure 10-27. Identify the parts by comparing this picture 
with the schematic drawing (fig. 10-26). 
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Depth Engine 


Like the steering cngine, the depth engine works on com- 
pressed air from the reducing valve. But there’s a big dif- 
ference in the design of these two engines. When you move 
the valve of the steering engine in one direction, the piston 
goes full-throw in the opposite direction. It has no in- 
between positions. But the piston of the depth engine 
moves in the same direction as its valve. And it foliows 
the valve exactly. So the depth engine can hold the hori- 
zontal depth rudders at any position between full up and 
full down. 

Figure 10-28 is a diagrammatic drawing of the depth 
engine. (To make it simple, we’ve shovvn all the passages 
through the piston as if they were in the same plane. Ac- 
tually, they’re in three different planes.) Passage 1 supplies 
air from the reducing valve to the engine valve. Passages 
9 and 10 open into the afterbody. 

Here^ how it works: Suppose, first, that you move the 
valve forward. (ThaPs to the left, in this picture.) The 
valve uncovers passage 2. Air from the inlet (passage 1) 
goes through 2 to the after end of the cylinder. It pushes 
the piston forward. Some of the air in the forward end 
of the cylinder leaks past the piston rings, goes through pas¬ 
sages 3 and 8, and into the afterbody through 9 and 10. 
The rest of the air in the forward end goes through 5, past 
the valve, through 7, and then into the afterbody through 9. 



Figure 10-28.—The depth engine. 
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The piston moves forward, following the valve, until it’s 
again centered on the valve. Then the valve covers pas- 
sage 2, and shuts off the air to the after end of the cylinder. 
And the piston stops. 

VARIATIONS IN CONTROL MECHANISM DESIGN 

In this chapter, we’ve talked as if the control mechanisms 
were exactly alike in all the torpedoes you’11 work on. Of 
course that isn’t so. The basic principies are always the 
same but often the details are different. For example, in 
the Mk 13 torpedo, the pallet mechanism is a lot simpler 
than the one we’ve described here. Thafs because the 
Mk 13 is dropped from aircraft, and you don’t have to 
worry about angle settings. In some of the newest tor¬ 
pedoes, there’s no pallet mechanism at all. An electric 
contact, rather than a pair of cam pawls, reads the position 
of the gyro. 

When you fire a torpedo from the submerged tubes of a 
submarine, there’s no way you can set the gyro angle through 
the bottom socket. Submerged tubes use only the side 
setting sockets. So, in torpedoes that you fire only from 
submarines—such as the Mks 16 and 18—the gear train for 
the bottom socket is either missing or inoperative. 

You’11 find variations in some of the other parts, such as 
the spinning and unlocking mechanism. They don’t all 
look like the pictures weVe printed here. But, in every case, 
the other mechanisms either are very similar to the ones we 
described, or they’re simpler. If youVe followed the ex- 
planations in this chapter, you should have no trouble un- 
derstanding any of the torpedo control mechanisms in cur¬ 
rent use. 


REFERENCES 

OP 950, Torpedoes Mk 13-1 and 2, pages 105-141. 

OP 635, Torpedoes Mk 14 and 23 Types, pages 77-108. 
OP 642, Torpedoes Mk 15 Type, pages 79-110. 

OP 946, Torpedo Mk 18 Mod 2, pages 39-68. 
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QUIZ 

1. What two properties of a gyro make it useful for steering a torpedo ? 

2. Teli, as briefly as possible, what happens when you try to change 
the direction of a spinning gyro’s axis. 

3. What do we mean by three degrees of freedom in a gyro ? 

4. Explain how we mount the gyro in the torpedo to give it three 
degrees of freedom. 

5. Explain why a gyro in static balance will creep. 

6. In which direction does the gyro creep in the Northern Hemisphere ? 
In the Southern Hemisphere ? 

7. How do latitude and length of run affect the amount of creep ? 

8. How can we use the balance nut to prevent creep ? 

9. What keeps the gyro spinning during the run of an air-steam 
torpedo ? 

10. Why does the gyro rotor have two spur gears? 

11. How is the spinning and unlocking mechanism connected to the 
gyro at the instant of firing? 

12. What three things does the spinning and unlocking mechanism 
do to the gyro after you fire the torpedo ? In what order does it 
do these things ? 

13. Where does the spinning and unlocking mechanism get its air 
supply from? At what pressure? 

14. What is the function of the pallet mechanism? 

15. What gives the pallet slide its back-and-forth motion? 

16. Where does the power for the pallet mechanism come from? 

17. Suppose that a torpedo turns off its course to port. Trace the 
progress of the steering order, step by step, from the gyro to the 
vertical steering rudders. 

18. Which part of the depth mechanism determines whether or not 
the torpedo is running at the proper depth ? 

19. What is the function of the pendulum? 

20. What is the basic difference between the steering engine and the 
depth engine? 
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APPENDIX I 


ANSWERS TO QUIZZES 


CHAPTER 1 

INTRODUCTION 


1. Ordnance is the Science of arms and armor; it deals with the 
weapons, materials, and techniques with which we destroy an 
eneiny. Underwater ordnance is the Science of destroying enemy 
ships by means of underwater explosions. 

2. The torpedo, the depth charge, and the mine. 

3. An explosive charge, and a power piant for taking that charge to 
the enemy ship. 

4. In the Ordnance Pamphlets (OP’s) and other publications listed 
throughout this course. 

5. Overhaul one particular part of a torpedo. 

6. On a fighting ship:.the torpedo officer. On a repair ship: the 
torpedo repair officer. 

CHAPTER 2 

THE TORPEDO 

1. Because the torpedo explodes under water, it transfers a large part 
of the explosive force to the hull of the target ship. In a similar 
explosion above water, a large part of the force would be absorbed 
by the air. 

2. Robert Whitehead; in the first 25 years after the American Civil 
War. 

3. Ilead section, air flask section, midship section, afterbody, and 
tail. 

4. The air-flask section and the midship section. 

5. Fuel flask (in the air flask section); propeller sleeves (in the tail); 
stop valve (in the midship section). 

6. The steering mechanism keeps the torpedo on course; the depth 
mechanism keeps it at the proper depth. 
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7. Torpedoes are fired from trainable tube mounts by impulse charges 
of black powder. They are fired from fixed tubes by compressed 
air. 

8. A Mk 13 torpedo can not be fired from a submarine; its diameter 


is greater than that of the tubes. 



a. Mk 14 

e. 

Mk 15 

b. Mk 16 

f. 

Mk 13 

c. Mk 15 

g- 

Mk 23 

d. Mk 18 

h. 

Mk 13 


CHAPTER 3 

BASIC SCIENCE 

1. The mass of an object is the amount of matter in it; its weight is 
the force with which it is attracted by gravity. 

2. Density is weight per unit volume. The specific gravity of a 
substance is its density divided by that of a Standard substance. 

3. The specific gravity of this alloy is its density (175 pounds per 
cubic foot) divided by the density of water (62.5 pounds per cubic 
foot). Answer: 2.8. 

4. Oxygen, copper, and tin are elements. The others are mixtures, 
compounds, or mixtures of compounds. 

5. Solid, liquid, gas. You can change a gas to a liquid, or a liquid to 
a solid, by removing heat. You can change a solid to a liquid, or 
a liquid to a gas by adding heat (unless the heat causes a Chemical 
change). 

6. Move with a constantly increasing speed. 

7. If a body is at rest it will remain at rest unless a force is applied 
to it; if a body is in motion it will continue to move at the same 
speed, and in the same direction, unless a force is applied to it. 
The contact exploder mechanism depends on the principle of 
inertia. 

8. Pressure: force per unit area. Work: force times distance. 
Energy: ability to do work. Power: rate of doing work. 

9. 2,000 foot-pounds of work. (Work is force times distance. Re- 
member that he has to carry his own body, as well as the weight, 

. up the ladder.) 

10. Horsepower equals foot-pounds per second divided by 550. 
Answer: approximately 1.09 horsepower. (Some mules are more 
powerful than horses.) 
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11. “b” and “d” are Chemical changes; the others are physical changes 

12. (a) the temperature rises; (b) the pressure increases. 

13. About 64,000 pounds per square foot. (A cubic foot of sea water 
weighs approximately 64 pounds.) 

14. When submerged, the metal loses 64 pounds of its weight. That 
means it has displaced 64 pounds, or one cubic foot, of sea water. 
Its volume is therefore one cubic foot, and its density is 444 
pounds per cubic foot. 

15. (a) negative, (b) positive. 

16. Liquids are practically incompressible. When a liquid is confined 
in a closed system, pressure applied to the liquid at any point is 
instantly transmitted throughout the system. 

CHAPTER 4 

USE OF TOOLS AND BLUEPRINTS 

1. In the Navy Training Courses, Basic Hand Tool Skills , NavPers 
10085, and Blueprint Reading , NavPers 10077. 

2. A Phillips screwdriver fits the crossed slots of Phillips screws; 
an Allen screwdriver fits the hexagonal sockets of Allen screws. 

3. For making delicate adjustments, or for holding small objects iii 
tight places. 

4. A loose wrench will round off the comers of the bolt head. 

5. Toward the opening of the jaws. 

6. It is less likely to slip; it can be used in tight places where an 
open-end wrench won’t work. 

7. The teeth should point away from the handle. 

8. Intemal threads: taps; external threads: dies. 

9. For removing dirt, corrosion, and burrs from threaded parts. 

10. It helps remove dirt and oxides. 

11. In brazing you use a harder filler metal, with a higher melting point. 

12. To cool it; if the tool gets too hot it will lose its hardness. 

13. It might be cracked; a cracked wheel will sometimes fly apart 
when the motor is started. 

14. Always remove the chuck key from the chuck before you start the 
motor. 

15. A combination square. 

16. For testing the specific gravity of the electrolyte in the storage 
batteries of electric torpedoes. 

17. Pour the acid slowly into the water; ne ver pour water into acid. 
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18. Wash your hands immediately, in plenty of water; then applv 
lime water or a paste of baking soda and water. 

19. It shows how a mechanism works; it does not show the exact 
construction of the mechanism, or the exact location of its parts. 

CHAPTER 5 

TORPEDO TOOLS 

1. So you can be sure to use the right tool for each job. 

2. Overhaul and maintenance instructions in the OP’s teli you which 
tool to use in each step. 

3. Using the wrong tool resuits in faulty adjustments, and is likely to 
do permanent damage to both the tool and the torpedo. 

4. (a) Keep each tool in its proper place; (b) protect your tools 
from rust and damage; (c) keep the tool allowance complete. 

CHAPTER 6 

EXPLOSIVES 

1. Black powder is a mixture; it explodes by rapid oxidation—a fast 
burning. TNT is a Chemical compound. When it explodes, its 
molecules break up and recombine into new compounds. 

2. In a low explosive, the change to gas is relatively slow; the reaction 
is spread through the explosive mass by heat. In a high explosive, 
the change to gas is extremely fast; the reaction is spread through 
the explosive mass by a shock wave. 

3. Brisance is a measure of the shattering effect of an explosion. Of 
the three explosives listed, TNT has the greatest shattering effect; 
smokeless powder has the least. 

4. Fulminate of mercury, lead azide, tetryl, TNT, Explosive D. 

5. A mixture of nitric and sulfuric acids, often in the proportion of 
one part nitric to two parts sulfuric. 

6. It’s too brisant; it makes to much smoke; it fouls the gun bore; it’s 
likely to take fire from stray sparks. 

7. Ballistite: rocket propellant. Black powder: torpedo impulse 
charges. Explosive D: filler for armor-piercing projectiles. Com- 
position C: demolition. Tetryl: boosters. Lead azide: primers 
and detonators. Smokeless powder: gun propellant. HBX: 
main charge in torpedo war heads. 

8. TNT exudate is an explosive; don’t expose it to heat, shock, or 
friction. Don’t try to scrape it up. Don’t let it come in con- 
tact with wood, soap, or alkalies. 
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CHAPTER 7 

THE TORPEDO HEAD SECTION 


1. Cylindrical with hemispherical nose (Mk 13 type torpedoes); 
cylindrical with ogival nose (ali others). 

2. Torpedoes Mk 13 and Mk 18 have strengthening rings in the war 
head. They need extra strength because the explosi ve charge 
doesn't fili the whole war head cavity. 

3. The lead ballast weight helps to give the torpedo the proper “putf 
around,” so it will run on an even keel. 

4. The Mk 18 torpedoes have no lead ballast in the head section, 
since the electric storage battery provides enough ballast to give 
the torpedo the proper “pull around.” 

5. A list, unless it’s slight, will seriously interfere with rudder effects, 
and probably send the torpedo off its course. 

6. Fifteen degrees. 

7. To lower the center of gravity by providing extra ballast below the 
torpedo’s center line. 

8. They provide a housing for the core rod of the magnetic influence 
exploder, when it’s used. 

9. To permit the use of a magnetic influence exploder. 

10. These holes make it possible to break the bulkhead seal by inser- 
tion of a special tool. 

11. By attaching a Steel protecting ring over the joint ring. 

12. The Mk 13 torpedo is designed to be dropped from aircraft; it 
strikes the water nose first. 

13. (a, b, and c) negative; (d) positive. 

14. It runs with a slightly nose-up attitude; the extra water resistance 
on the bottom surface keeps it from sinking. 

15. Flask-pressure air holds the valve shut, so that no air is released 
into the exercise head. When the flask pressure drops to a pre- 
determined value, the valve spring overcomes the air pressure and 
opens the valve, and the head blows. 

16. Because a smaller volume of air is available for blowing the head. 

17. Pinger, headlight, torch. 

18. They depend on the principle of inertia. When the torpedo is 
stopped or deflected by striking the target, the inertia ring (or 
ball) tends to keep going in the original direction. Its inertia pro¬ 
vides enough force to trip the trigger mechanism, or close an 
electric switch. 
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19. The main explosive charge is not very sensitive to shock. It needs 
a considerable force, provided by a smaller explosion, to set it off. 

20. During the first part of the torpedo run the exploder rearranges 
some of its parts, so that it becomes capable of detonating the 
war head. 

21. Before the exploder is armed, the detonator is completely enclosed 
in the safety chamber. If the detonator should f unet ion prema- 
turely, the safety chamber will absorb the force of its explosion, 
and keep it from firing the booster charge. 

22. Exploder Mk 6 Mod 10. 

23. During the first part of the torpedo run the delay switch short- 
circuits the generator output, to prevent premature firing. 

24. To balance the exploder and maintain the proper trim. 

25. The steel of the targefs hull distorts the earth’s magnetic field. 
As the pick-up coii passes through this changing field, it generates 
a small surge of current. 

CHAPTER 8 

THE AIR SYSTEM 

1. In a cold run, the energy of the compressed air alone spins the 
turbines. In a hot run the compressed air is superheated by 
burning fuel to increase its volume and pressure. 

2. To keep the temperature within bounds K and to change some of 
the energy that would otherwise be lost as heat into useful work. 

3. Compressed air blows the exercise head; forces fuel and water 
into the combustion flask; operates the igniter; operates the 
starting valve, which puts all the propelling and control mechan- 
isms into operation; operates the gyro-spinning mechanism, 
sustains the gyro spin; operates the depth and steering engines. 

4. It blocks off the air in the air flask from the rest of the air system. 

5. Close the stop valve; remove the charging valve plug and con- 
nect the charging line; open the stop valve; open the valve in the 
charging line and charge the flask; close the stop valve; close the 
valve in the charging line; disconnect the charging line and replace 
the charging valve plug. 

6. The blow valve is in the line that takes air to the air-releasing 
mechanism in the exercise head. For a war shot you don’t need 
this line; you block it off by closing the blow valve. 

7. They keep fuel and water from flowing into the combustion flask 
before you fire the torpedo. 

8. They keep fuel and water from backing up into the air system 
before you fire the torpedo. 
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9. The preheater is mounted in the path of the exhaust gases from 
the turbines. It warms the air before it goes to the reducing 
valve,to improve the action of the valve. 

10. Depth engine, steering engine, gyro reducer. 

11. You’11 find all these operations listed on page 221. 

12. In a forged flask the bulkheads are removable; in the welded flask 
they are not. The welded flask is the newer type. 

13. The fuel flask is inside the water eompartment, attached to the 
water eompartment bulkhead. It has a hole in the middle so 
that the main air pipe can pass through it. 

14. To allow for expansion and contraction in the torpedo when 
the temperature changes. 

15. To cool the combustion system, and keep its temperature within 
limits. 

16. (a) Flask-pressure air to the starting and reducing valves; 
(b) fuel to the restriction valve; (c) water to the restriction 
valve; (d) air from the reducing valve to the fuel and water air 
checks; (e) vented fuel, water, and air from the vent fitting to 
the afterbody. 

17. The reducing valve is so designed that when the working pressure 
gets too high, it tends to close the valve and cut down the air 
supply; when the working pressure drops too low, it lets the valve 
open wider. 

18. The Mk 13 torpedo. 

19. The nozzle valve, restriction valve, and gear shift control the 
speed of the Mk 15. The Mk 14 has no gear shift. 

20. In the air flask section: blow valve; filling plug; pigtail pipe; air 
flask; water eompartment; fuel flask; small removable. bulkhead. 

In the midship section (including the after side of the water 
eompartment bulkhead): vent fitting; air check valves; blowout 
plug; stop and charging valves; fuel and water check valves. 

On the turbine bulkhead: nozzle valves; speed-change mechan- 
ism; combustion flask; fuel and water sprays; starting and reduc¬ 
ing valves; igniter; restriction valve. 

Inside the afterbody: turbine; control valve; preheater; start¬ 
ing gear; air strainer body; gyro-spinning mechanism; depth and 
steering engine. 
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CHAPTER 9 

AFTERBODY AND TAIL SECTIONS 


1. (a) Torpedoes Mks 14, 15, and 23. 

(b) Torpedo Mk 13. 

2. The starting lever and the inertia weight must both be moved 
aft. 

3. In the other torpedoes, the starting gear Controls the starting valve. 
In the Mk 18, the starting gear itself serves as a starting valve. 

4. It stops the torpedo if the engine reaches an excessive speed. 

5. A gear on the oil pump shaft tums the governor; a worm at the 
lower end of the second turbine spindle turns the pump shaft 
through a worm gear. 

6. Turbines; turbine spindles; turbine pinions; main drive gears; 
bevel pinions; bevel gears; propeller shafts and sleeves; propellers. 

7. In an unbalanced engine, the rotating parts would set up a gyro- 
scopic action that would interfere with steering the torpedo. In 
a balanced engine, the gyroscopic forces cancel out. 

8. The first turbine spindle is supported by the middle and upper 
bearings in the spindle casing. The second turbine spindle is 
supported by the top bearing, and by the lower bearing in the 
spindle casing. 

9. The thrust of the after propeller shaft is transmitted to the torpedo 
shell by the forward thrust bearing, through the turbine spindle 
casing, the A-frames, and the turbine bulkhead. 

10. In the Mk 14, the turbine pinions mesh directly with the main 
drive gears. In the Mk 15, the turbine pinions are connected to 
the main drive gears through the side gears. The side gears make 
it possible to change the torpedo's ruiming speed by changing the 
gear ratio of the engine. 

11. One line goes to the turbine spindle bearings; the other goes to the 
crosshead. 

12. a. Mk 13; b. Mk 15. 

13. About nine times. 

14. They keep water from entering the afterbody through the exhaust 
tubes at the end of an exercise run, and when the torpedo is flooded 
in a submerged tube. 

15. It means the depth engine. The depth engine operates the depth 
rudders, which turn the torpedo up or down. 
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CH APTER 10 


TORPEDO CONTROL MECHANISMS 


1. Rigidity in space, and precession. 

2. If you try to tilt the axis, it turns; if you try to turn it, it tilts. 

3. We mean that the gyro is free to turn about any of three axes, 
each of which is perpendicular to the other two. Thus the gyro 
can remain rigid in space, regardless of how we move its support. 

4. The gyro wheel is free to rotate, on a fore-and-aft axis, on bearings 
in the inner gimbal. The inner gimbal is free to rotate, on a cross- 
ships axis, on bearings in the outer gimbal. The outer gimbal is 
free to rotate, on a vertical axis, on bearings at the top and bottom 
of the gyro pot. 

5. At the start of the run, the gyro axis lies along the line of sight to 
the point where the torpedo will strike the target. Except at the 
Equator, the rotation of the Earth will soon move the line of sight 
to a new direction, while the gyro axis keeps its original direction 
in space. So the gyro axis will creep away from the line of sight. 
(Or, to be strictly accurate, the line of sight will creep away from 
the gyro axis.) 

6. It creeps to the right in the Northern Hemisphere, and to the left 
in the Southern Hemisphere. 

7. The higher the latitude, the more the creep. The longer the 
torpedo runs, the farther its gyro will creep. 

8. By adjusting it to unbalance the gyro and make it precess, so that 
the precession cancels the creep. 

9. Air from the gyro reducer goes through passages in the gimbals, 
and strikes the turbine buckets. 

10. One meshes with the spinning gear of the spinning and unlocking 
mechanism. The second is to balance the weight and air resistance 
of the first. 

11. Its spinning gear is meshed with the spur gear of the gyro rotor; 
its centering pin is engaged in the locking disc of the inner gimbal. 

12. First, it brings the gyro rotor up to full speed. Second, it un- 
meshes its spinning gear from the gyro spur gear. Third, it 
withdraws its centering pin and unlocks the gyro. 

13. Directly from the starting valve, at flask pressure. 

14. To take signals from the gyro, without disturbing it, and pass 
them on to the steering engine. 

15. A rotating cam, driven by the cam bevel gear. 

16. From the torpedo’s main drive shaft, through the driving connec- 
tion, driving spindle, and bevel pinion. 
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17. You’11 find all the steps listed on page 325. 

18. The hydros tat ic diaphragm. 

19. It Controls the angle at which the torpedo changes depth, and 
, prevents overshooting. 

20. When you move the steering engine valve in one direction, its 
piston moves full-throw in the opposite direction. The piston 
of the depth engine moves in the same direction as its valve, and 
can follow the valve to any intermediate position. 
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APPENDIX II 


QUALIFICATIONS FOR ADVANCEMENT 
IN RATING 

TORPEDOMAN‘S MATES (TM) 

Rating Code No. 0500 

General Service Rating 
Scope 

Torpedoman’8 Mates maintain, test, repair, and overhaul under- 
water ordnance such as torpedoes and depth charges used on naval 
vessels and aircraft; maintain and repair torpedo firing equipment and 
depth charge release equipment; operate torpedo directors; supervise 
stowage of underwater ordnance; serve on surface craft, on submarines 
and tenders, and at a viat ion activities and repair shops. 

Emergency Service Ratings 

Torpedoman’s Mates T (Steam/Mechanical Torpedoes), 

Rating Code No. 0501_ 

Test, maintain, and repair mechanical torpedoes, tubes, 
depth charges, and release mechanisms; operate torpedo 
fire control equipment. 

Torpedoman’s Mates E (Special/Electric Drive Tor¬ 
pedoes), Rating Code No. 0502_ 

Test, maintain, and repair torpedoes (electrically pro- 
pelled/electronically controlled), tubes, control equip¬ 
ment, and depth charges; test and maintain storage 
batteries. 

Navy Enlisted Classification Cocles 

For specific Navy enlisted classification codes included within this 
rating, see Manual of Navy Enlisted Classifications t NavPers 15105 
(Revised), codes TM-0700 through TM-0799. 
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Qualifications for Advancement in Rating 


Qualifications for Advancement in Rating 

APPLICABLE 

RATES 

TM 

TMT 

TME 

100 PRACTICAL FACTORS 

101 Opebational 

1. Demonstrate ability to ready, fire, and secure 
a signal ejector, if aboard a submarine. Know 
and follow safety precautions__ _ __ 

3 

3 

3 

2. Locate and identify torpedo components, parts 
of torpedo mounts or submarine tubes and 
depth charge projectors and release tracks by 
reference to associated drawings and diagrams. _ 

3 

3 

3 

3. Demonstrate knowledge of ordnance, high- 
pressure air, and hydraulic safety precautions. _ 

3 

3 

3 

4. Demonstrate ability to operate a voltmeter, 
megger, and multimeter.._ ___ _ 

2 


3 

5. Identify electrical symbols used in schematic 
diagrams of torpedoes and exploder mecha- 
nisms _ _ _ _ 

2 

2 

3 

6. Identify electronic component symbols_ 

1 


3 

7. Operate a torpedo director. _ 

1 

1 

_ 

8. Interpret electronic wiring and circuit dia¬ 
grams found in equipment instruction books.. 

1 


2 

102 Maintenance and/ob Repair 

1. Perform routine for upkeep of fully ready 
torpedoes, following a checkoff list; identify 
and demonstrate proper use of tools required. _ 

3 

3 

3 

2. Inspect, clean, lubricate, and test depth charge 
tracks and release mechanisms on own ship_ 

3 

3 

3 

3. Clean, lubricate, inspect, and test-operate a 
depth charge projector on own ship. _ _ 

3 

3 

3 

4. Perform operational tests and lubrication of a 
torpedo mount and/or tubes on own ship, 
following checkoff list_ _ _ 

3 

3 

3 

5. Clean, test, charge, remove, and replace tor¬ 
pedo batteries on own ship or station ____ 

3 


3 

6. Charge or boost a torpedo air flask, observing 
safety precautions. _ ____ ... _ 

3 

3 

3 

7. Perform routine inspection and maintenance 
of depth charges on own ship._ __ __ 

3 

3 

3 

8. Demonstrate ability to solder. _ _ _ 

3 

3 

3 
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Qualifications for Advancemcnt in Rating 

APPLICABLE 

RATES 

TM 

TMT 

TME 

9. Demonstrate ability to sweat a watertight or 
airtight flange, joint, stud, or lead_ 

2 

2 

3 

10. Perform all tube post-firing routine on own 
ship___ 

2 

2 

2 

11. Perform continuity, ground, and short circuit 
tests on a torpedo propulsion motor; test a 
torpedo propulsion motor for RPM; test and 
adjust a torpedo motor starting switch on 
own ship or station_ _ ___ 

2 


3 

12. Disassemble and reassemble an afterbody_ 

2 

2 

2 

13. Perform preliminary and final adjustments on 
a torpedo, following a checkoff list __ 

2 

t 2 

2 

14. Perform torpedo post-run treatment, follow¬ 
ing checkoff list __ __ _ ___ 

2 

2 

2 

15. Identify tools used in preliminary and final ad¬ 
justments and post-run treatment of a torpedo 
and demonstrate proper use of each__ 

2 

2 

2 

16. Disassemble, inspect, clean, calibrate, test, 
and reassemble a control valve__ __ 

2 

2 


17. Clean commutators and commutator heads, 
replace brushes on torpedo rotating electrical 
machinery, such as motor or dynamotor, on 
own ship or station_ 

2 


3 

18. Demonstrate ability to test, disassemble, in¬ 
spect, clean, and reassemble a reducing and 
starting valve on own ship or station. __ 

1 

1 

1 

19. Perform all electrical and electronic circuit 
tests of a torpedo; replace parts and adjust 
and aline components on own ship or station. _ 

1 


1 

20. Disassemble, clean, inspect, reassemble, and 
test a depth, steering, and torpedo main en- 
gine on own ship or station__ 

1 

2 


21. Test and prepare an exercise head for firing, on 
own ship or station _ _ _ _ 

1 



22. Perform allowable repairs to torpedo gyros 
and gyro housings on own ship or station_ 

C 

C 

C 

23. Boresight and aline a torpedo mount on own 
ship __ _ __ ___ __ _ 

c 

C 


24. Perform casualty analysis on defective tor¬ 
pedo assemblies and effect repairs or replace- 
ments as required __ _ ______ 

C 

C 

C 
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APPLICABLE 

RATES 

TM 

TMT 

TME 

25. Install and make allowable tests and adjust- 
ments to an exploder mechanism__ _ _ _ 

C 

C 

C 

26. Make authorized tests and repairs to torpedo 
exploder mechanism test equipment (multi- 
meter-type circuits)_ 

c 

c 

c 

27. Trace electronic circuits and analyze circuit 
failures of a torpedo on own ship or station.... 

c 

— — — 

1 

103 Administrative and/or Clerical 

1. Record required information in torpedo logs_ 

3 

3 

3 

2. Prepare naval shipyard or tender work request 
or job order_ _ _ _ 

2 

2 

2 

3. Maintain underwater ordnance logs and record 
sheets in current status__ 

1 

1 

1 

4. Direct onloading and offloading of torpedoes_ 

C 

C 

C 

5. Maintain a Current Ship’s Maintenance Pro- 
ject (CSMP)_ 

C 

C 

C 

6. Organize work assignments and supervise per- 
sonnel to accomplish maintenance and repair 
projects as directed___ 

c 

c 

c 

200 EXAMINATION SUBJECTS 

201 Operational 

1. Methods of recovering torpedoes _ _ _ 

3 

3 

3 

2. Identification of parts, using assembly drawings _ 

3 

3 

3 

3. Types of information shown and meanings of 
electrical symbols used in scheinatic diagrams 
of torpedoes and exploder mechanisms_ 

2 

2 

2 

4. Identification of Standard electronic parts 
symbols used in schematic drawings__ _ _ 

1 


3 

5. Elements of torpedo fire control surface problem _ 

1 

1 

— 

202 Maintenance and/or Repair 

1. Operating principies of hydraulic manual re- 
lease Controls for depth charge tracks 

3 

3 

3 

2. Methods of testing projector firing circuits; 
characteristics of projector impulse charges 
and projector safety precautions __ _ 

3 

3 

3 

3. Characteristics of and safety precautions for 
handling primers, black powder, detonators, 
boosters, TNT, and HBX__ _ _ 

j 

3 

3 

3 
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4. Soldering materials and soldering methods used 
in torpedo maintenance and repair_ _ 

3 

3 

3 

5. Types, structure, electrical characteristics of, 
and maintenance procedures for batteries_ 

3 


3 

6. Ordnance, high-pressure air, and hydraulic 
safety precautions_ _ 

3 

3 

3 

7. RMA color coding systems for resistors and 
capacitors_ __ _ 

2 


3 

8. Methods and equipment used in electrical tests 

for continuity, grounds, and short circuits_ 

9. Electrical and physical characteristics of elec- 

tric motors and dynamotors__ 

10. Calculate current, voltage, and resistance in 
series and parallel circuits containing not more 
than four elements_ ___ __ 

2 

! 2 

2 


3 

3 

3 

11. Types of depth charges and depth charge 
pistols; purpose of testing booster extenders 
and depth charge pistols; methods of laying or 
projecting depth charges ____ 

2 

2 

2 

12. Effects of moisture and salt water on torpedoes 
and corrective measures required___ 

2 

2 

2 

13. Types of torpedo lubricants and preservatives 
and proper use of each___ _ _ -- 

2 

2 

2 

14. Principle of operat ion of trainable torpedo 
tubes and mounts _ _ __ _ 

2 

2 


15. Principle of operation of fixed torpedo tubes- 

2 

2 

2 

16. Principies of operation of gvroscopes and gyro 
housings and their application in torpedoes. 

2 

2 

2 

17. Operat ing principies of steam-type torpedoes_ 

2 

2 


18. Application of laws of magnetism to d. c. 
motors and generators __ _ _ _ _ 

2 


i 

3 

19. Function of the following in pneumatic systems: 
a. Pneumatic gauges_ _ _ _ 

2 

2 


b. Check valves _ _ _ _ _ - 

2 

2 

i 

c. Reducing valves. _ _ 

2 

2 

1 

d. Starting valves- ______ — 

2 

2 

*_ 

e. Manifolds __ _ _ _ 

2 

2 


f. Control valves _____ 

2 

2 


20. Methods of testing resistors, potentiometers, 
capacitors, transformers, and vacuum tubes- 

2 


3 
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APPLICABLE 
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TM 
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21. Function of transducers, servo Systems, ampli- 
fiers, relay control circuits, and vibrators in 
torpedo electronic systems__ __ 

1 


2 

22. Calculate phase angle and impedance in a series 
Circuit and a parallel circuit, each containing 
not more than four elements_ 

1 


2 

23. Safety features of a pre-enabling circuit_ 

1 

_ 

1 

24. Operating principies of reducing, controlling, 
and starting valves; method of testing a re¬ 
ducing valve_ _ __ 

1 

1 


25. Construction of a torpedo gyro and gyro hous- 
ing_ 

1 

1 

1 

26. Application of resistors, potentiometers, ca- 
pacitors, transformers, and vacuum tubes in 
oscillating, switching, detector, automatic 
volume control, rectifier, feedback network, 
and d. c. amplifier and a. c. amplifier circuits. _ 

C 


1 

27. Purpose and method of alining torpedo mounts. 

C 

C 

— 

203 Administrative and/or Clerical 

1. Types of information found in ordnance pam- 
phlets (OP’s)_ 

3 

3 

3 

2. Purpose of Torpedo Record Book _ _ _ . 

3 

3 

3 

3. Precautions in recovery, onloading, and off- 
loading of torpedoes _ 

C 

C 

C 

4. Periodic reports required for underwater ord¬ 
nance and current records maintained and 
types of information found in each___ 

C 

C 

C 

5. Types of information found in the following 
publications: OD, OCL, OHI, OMI, OML, 
ORDALTS, NavOrd Instructions and Notices, 
and NavOrd Allowance Lists; type of informa¬ 
tion found in and use made of NavOrd OD 
3000. Purpose and scope of BuOrd Manual as 
stated in chapter 1 _ _ ___ 

C 

c 

C 


300 PATH OF ADVANCEMENT TO WARRANT OFFICER 
AND LIMITED DUTY OFFICER 

TorpedomaiPs Mates advance to Warrant Underwater Ordnance 
Technician and/or Limited Duty Officer, Ordnance. As an 
alternate, Torpedoman’s Mates advance to Warrant Mine 
Warfare Technician and/or to Limited Duty Officer, Ordnance. 
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INDEX 


Acoustic torpedoes, 32 
active, 32 
passive, 32 

Advancement; qualifications. 
See Rating 

Afterbody section, 26, 254, 255 
Air 

check valve, 217, 232 
flask section, 26, 210, 222 
pressure fittings, 111, 138 
release mechanism, 171-174 
system, 208-252, 256-266 
diagram of, 210-222 
of Mk 18 torpedo, 251 
parts, 222-251, 256-266 
water compartment and fuel 
flask,224-227 
Air-steam torpedo 
construction of, 24 
operat ion, 28 

Ammonium picrate (explosive D), 
154 

Angle fire, 327 
Antidotes, poison, 98 
Assignments, 7 
Atoms, 37, 38 

Ballistite, 151 

Basic Hand Tool Skills (NavPers 
10085), 55 
Bench grinder, 79 
Black powder, 151, 152 
Blasting gelatin, 153 
Blueprint Reading (NavPers 
10077), 55 

Blueprints, use of, 100-106 
Brazing, 75, 77, 78 
Brisance, 146 
Buoyancy, 47-50, 171 
Bushnell, Dr. David, 20 


Caliper, micrometer, 87-90 
Calipers, 84 
Cellulose nitrate, 153 
Changes; physical, Chemical, 42- 
47 

Check valves. See Valves 
Chemical changes, 45 
Chemicals, 97 
Chisels, 64 

Combustion flask and nozzle unit, 
209, 246-248 

Control mechanisms, torpedo, 27, 
289-334 
Cordi te, 154 
Creep, gyro, 298-305 
Crosshead assembly, 270 

Depth 

and roll recorder, 175, 176 
charges, 2, 3, 6 
engine, 333 
mechanism, 329-334 
Detonator, 150 

Diagrams, schematic, 106-109 
Dial indicator, 93 
Discharge valve, 174 
Dividers, 84 

Drawings, mechanical, 100-102 

Drill press, 80-82 

Drills 

and taps, 111, 138 
breast, 71 
hand, 71 

portable power, 78 
twist, 68, 69 

Drive gears of Mk 18 torpedo, 276 
Duties and responsibilities. See 
Rating 

Dynamite, 154 
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Electricity, static, 52 
Elements, Chemical, 36 
Energy, 39, 42 
Engines 
depth, 333 
main, 27, 266-283 
steering, 326 

Equations, Chemical, 45-47 
Equipment 

adjustingand testing, 111, 133- 
135 

overhaul, miscellaneous tor¬ 
pedo, 138 

workshop tools, 111, 135-137 
Exercise head, 6, 161, 168, 179 
Exhaust system, 28, 281 
Exploders, 25, 161, 180-205 
early, 185 
in current use, 187 
influence, 203-205 
Mk 4, 187-196 
Mk 6 Mod 10, 188, 196-200 
Mk 6 Mod 12, 188, 201, 202 
Mk 8, 188, 203 
Mk 9 and 10, 188, 205 
Explosion 

Chemical nature of, 143, 144 
method of initiating, 147 
Explosi ves, 139-160 
definition, 139 
history, 141-143 
military 

characteristics of, 150-159 
classification, 145-150 
Service use, 148 

Farragut, Admiral, 22 
Files, 65-68 

Flask section, air, 26, 210, 222 
Flask-pressure air, 251 
Force, 39 
centrifugal, 40 

I Fuel 

check valve, 217 

flask, 225-227 

, Fulminate of mercury, 154 

[ Fulton, Robert, 21, 185, 186 


Gages 

angle and radius, 93 
feeler, 91 
thread, 91 
Gas poisoning, 99 
Gear 

handling, 111, 132' 
puller, 74 
ratios, 282 
Governor, 264-266 
Gvro 

action, 291 
creep, 298-305 
mounting, 294-298 
in torpedo, 305-309 
reducer, 219 

Gyro-spinning mechanism, 219, 
309-318 

Hacksaws, 63 
Hammers, 56, 57 
Harvey, Frederick, 21, 186 
HBX, 154, 159, 181 
Head section, torpedo, 24, 
161-206 

Headlight, torpedo, 177 
Heads 

exercise, 6, 161, 168 
accessories, 17i 
construction, 168 
war, 161-168 
exercise, 179 
Homing torpedoes, 32 
Hydraulics, 50 
Hydrometer, 94 

Igniter, 250 
Impeller, 182 

Introduction; general discussion, 
1-17 

Launching torpedoes, 29 
Lead azide, 155 

M achinisVs Mate 3 & 2 (NavPers 
10524-A), 83 

Main engine, 27, 266-283 
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Mallet s, 57 

Mk 4 exploder, 187-196 
Mk 6 Mod 10 exploder, 188, 
196-200 

Mk 6 Mod 12 exploder, 188, 201, 
202 

Mk 8 exploder, 188, 203 
Mk 9 and 10 exploders, 188, 205 
Mk 13 torpedo, 30, 244 
Mk 14 torpedo, 31, 257 
Mk 15 torpedo, 31, 259, 272-276 
Mk 16 (Navol) torpedo, 31 
Mk 18 torpedo, 31, 251, 276 
Mk 23 torpedo, 31 
Matter, nature of, 34r-39 
Measuring instruments, 83-96, 
111, 138 

Mechanical drawings, 100-102 
Midship section, 26, 227-231 
Military explosives 

characteristics of, 150-159 
classification, 145-150 
Service use, 148 
Mines, 3 

Molecules, 37, 38 

Nitroglycerine, 155, 156 
Nozzle unit and combustion flask, 
246-248 

Oiling system, 277-281 
Ordnance, underwater, 2, 3 
Organization, 13-17 
Overhaul equipment, miseella- 
neous torpedo, 138 

Pallet mechanism, 318-326 
Parts, air system, 222-251, 256- 
266 

PETN, 156 

Physical changes, 42-44 
Pierie acid (tri-nitro-phenol), 156, 
159 

Pliers and plier-type cutting tools, 
58 


Poisoning 
antidotes for, 98 
gas, 99 

Powder, smokeless, 157, 158 
Powder, 41 
tools, 78—83 
Precision lathe, 82 
Preheater, 256 
Press, drill, 80-82 
Pressure, 40 
water, 47-50 
Primer, 149 
Projections, 102 
Propellers, 28, 283, 284 
Publications, 11, 12 
Punches, 59 

Quaiifications for Advancement in 
Rating (NavPers 18068), 5 
Quaiifications for advancement. 
See Rating 

Rating 

advancement in; quaiifications 
for, 5, 9, 346 

duties and responsibilities of, 
3-7, 13, 19, 55, 97, 139 
Ratios, gear, 282 
RDX, 156, 157 
Reducing valve, 215, 238-246 
References, 11 

Release mechanism, air, 171-174 
Responsibilities. See Rating 
Rudders, 285, 287 

Safety precautions, 159 
Schematic diagrams, 106-109 
Science, basic, 34-53 
Sensitivity, explosive, 147 
Sims-Edison torpedo, 23 
Soldering, 75-77 
Spar torpedo, 21 
Speed ehange mechanism, 248- 
250, 272-276 

Spinning and unlocking mecha¬ 
nism, 309-318 
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Squares, 86 

Starting gear, 215, 256-264 
Mk 13 torpedo, 262 
Mk 14 torpedo, 257 
Mk 15 torpedo, 259 
Mk 18 torpedo, 263 
Static electricity, 52 
Steering mechanism, 291-329 
engine, 326 
nomenclature, 287 
Superheater, 209 
Sweating, 75, 77 
Sylphon, 245 
Symbols, 45-47, 109 

Tachometer, 94 
Tail 

cone, 28 

section, 254, 283-287 
Taps and 
dies, 71 

drills, 111, 138 
Tetryi, 158, 159 
Thread 
chaser, 72 
gages, 91 
Thrust, 271 

TNT, 143-147, 149, 150, 155, 158, 
159, 181 
Tools 

bench, 111, 137 
cutting; plier-type, 58 
hand, 56, 111, 138 
power, 78-83 
torpedo, 111-132 
use of, 55 

workshop equipment, 111, 135- 
137 

Torpedo Workshop Equipment and 
Tools (OP 1217), 111 


Torpedo (es), 19-32 
acoustic, 32 
air-steam 

construction, 24 
operation, 28 

control mechanisms. See ahove 
development; history, 20-24 
homing, 32 

in active Service, 30-32 
introduction, 19 
Sims-Edison, 23 
tools, 111-132 
Torpex, 157, 158 
Training course (this book) 
nature of, 8 
study, 9, 10, 13 
Turbine (s), 27 
and spindles, 269 
bulkhead, 236-244 
Twist drills, 68, 69 

Under\yater ordnance, 2, 3 

Valves 

air check, 217, 232 
control, 256 
discharge, 174 

fuel and water check, and 
strainers, 217, 234 
reducing, 215 
stop and charging, 231 
Vises, 59 

Water pressure, 47-50 
Whitehead, Robert, 22, 23, 187 
Work, 39, 41 
Working-pressure, 251 
Workshop equipment tools, 111, 
135-137 

Wrenches, 60-62, 71 
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